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CHVNGES IN PHOSPHATE AND C^RBOHYDRAIE 
METABOLISM IN SHOCK 

Bt L GORVNfcON,* r I HAMILTON, \sd R L HAISf 

(From the Deportment of Phy’tology, Lnircrejty of Toronto, Toronto Canada) 

(Rcctuod for pubhentjon, Dicinibor 15 1117) 

In rcLcnl 3 cars there hn^e been innn3 studies concerning the metabolic 
dislurbince* in ‘•liock second ir} to injur3 , hemorrhage, and bums Among 
the \ erv marked changes reported arc those in\ ol\ ing enrboh} drate^ The 
gbeogen .'tores of Incr (1) and muscle arc reduced in rats ‘■hotked b3' limb 
in]ur3 and thc'-c tissue' arc unable to replenish their gly’cogen stores after 
glucose admmistntion The blood sugar le\cls first increase and later arc 
reduced to normal i aluc' or bclou Vftor glucose administration b3 mouth 
the blood sugar is greatb cle\ ated, the high le\ cl persisting for mnn3' hours 
Tlie admini'tration of insulin reduces the blood sugar le\ cl in these animals 
but docs not impro\c the storage of gl3cogcn in the h\er (1) It Mill be 
shoM n in this paper that insulin docs not pre5 ent reduction in the gl} cogen 
le\el in untraumatired muscle in the chocked rate Tliese obscr\mtions 
suggest that insulin ma3 accelerate the utilization of 'ugar in penphcral 
tissues in these animals Sacks (2) first shoMcd that insulin incrcaced the 
incorporation of P^ in adenosine tnphosphate (ATP) and phosphocreatinc 
(PC) in normal anesthetized cats In view of this finding md because of 
the carboh3drate changes mentioned, a comparison \%as made bctMcen the 
effect of insulin on the uptake of P” in ATP and PC in shocked and m nor- 
mal animals 

fcorac workers ( 3 ) suggest that an important factor in the deielopmcnt 
of shock IS the depletion of high energ3f phosphoms compounds essential 
for the metabolism of carboh3'drate To in\ estigate this possibiht3 a stud3^ 
of the labile phosphates m the muscle of shocked rats Mas made with radio- 
actne phosphoms 

Materials and Methods 

Rats of Wistar strain, Mcighmg betMcen 150 and 250 gm , Mere the test 
anrnials Glycogen estimations m ere made by a modification of the method 
of Good, Kramer, and Somogyi (4) Radiophosphoms in the fonn of 
disodium phosphate M’as used for the phosphoms studies Tissue samples 
Mere taken under sodium amytal anesthesia The tissues Mere frozen 
immediately b 3 ’^ immersion m liquid air, then finely powdered in a chilled 

Submitted in pertial fulfilment of the requirements for the degree of Doelor of 
Pbilo=ophe nt the Linncrsitj of Toronto 
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SHOCK AND PHOSPHATE AND CARBOHYDRATE 


mortar, and transferred to a tared tube for weighmg The phospliates 
were extracted m 10 pei cent tnchloioacetic acid at 0° Inoiganic phos- 
phate, phosphocreatme, and total acid-soluble phosphate fractious were 
determmed accoidmg to the methods of Fiske and Subbaiow (5) and ATP 
as the 7 mmute-hydrolyzable phosphoiois m 1 n HCl at 100° 

Aliquots of each phosphate fraction weie taken for the determination of 
its isotopic content The phosphorus was precipitated from the neutralized 
ahquot with magnesia mixture, as magnesium ammomum phosphate 
Tubes were generally allowed to stand ovei night, although Furchgott and 
Shorr (6) find that a few hours are sufficient for precipitation Following 
precipitation, the tubes were centrifuged and the supernatant discarded 
The precipitate was redissolved m 2 pei cent HCl (1 cc ) and transferred 
with two washings of 1 cc each to filter papers (7 cm ), placed on 8 inch 
squares of vitafihn (Haugh’s Products, Toronto), and allowed to dry in air 
After drymg, the vitafilm was folded into envelopes and sealed with cellulose 
tape The samples were then lead in a Geiger-Muller counter Estima- 
tion of the isotopic content of the phosphate sample was based on the counts 
per minute per mg of phosphorus lecovered m the sample This gives a 
measuie of the specific activity of the sample 

In the shock experiments the value’ for the isotope was standardized by 
calculating the activit}'' on the basis of the amount of radiophosphorus 
injected per unit weight of the animal The amount mjected was com- 
puted from standards made up from aliquots of the preparation for injec- 
tion 

The experimental lats were given 1 cc of 25 per cent glucose by stomach 
tube and then weie fasted for 24 horns prior to tissue samphng Shock was 
induced by a clamping proceduie (1) The clamps were applied to both 
hind legs and left m place for from 12 to 14 hours After removal of the 
clamps shock began to develop 


Results 

Mzisclc Glycogen — Fasted lats were shocked as described above In one 
group the animals remained m the fasting state In a second group each 
rat received 2 cc of 25 per cent glucose by stomach tube at the time of le- 
lease of the clamps A third group leceived 2 units of insulin per rat at the 
time the sugar was given Control groups with and without sugar were 
also observed Samples of muscle were removed under sodium amytal 
anesthesia and their glycogen content determined Fore leg samples were 
obtained from both triceps muscles and hmd leg samples from both gasti oc- 
nemiiis muscles 

In control i ats the values for the glycogen content of hind leg muscle were 
'Similar to those obtained for fore leg muscle In thirty shocked animals 
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the gl} cogen content of hind leg (injured) muscle was less than 0 05 gm 
per cent, and m most cases w is not nicasuniblc The hind leg muscles w ere 
therefore not studied m the rest of the experiment 
The gl\ cogen values for fore leg museles m control ami shocked rats arc 
shown in Fig 1 The gl\ cogen content of the triceps in shocked rats is 
nnable but usualh is much less than normal This reduction m muscle 
gh cogen is progressn e, the coiicentntion becoming low er ns shock develops 



I'lG 1 Gh cogen eoneentr ition in fore leg mubcle (tricepb) for shocked rats, 
shocked rats gi\ en 2 cc of 25 per cent (,lucosc bj stomach tube at the time the clamps 
'■ere rcmoicd, and shocked rats 2 units of insulin in addition to the sugar 

^alue3 obtained oarlj (2 hours after rcnioial of the clamps) and late in shock (4 hours 
after rcnioi al of the clamps) arc shown Control \alues for fasting rats and for rats 
4 hours after sugar administration are also given The average values are indicated 
below each group 


The admimstration of insulin and sugar together seems to delay the gly- 
cogen reduction m triceps muscle m shock, but does not prevent it 
Phosphorus — ^Fasted rats were clamped as described above On removal 
of the clamps, 2 cc of 25 per cent glucose were given by stomach tube and 
at the same time radioactive phosphorus (P“), as the disodium salt, was 
injected subcutaneously Those animals receivmg insulm were also m- 
jected at this time with 4 umts, subcutaneously 
A penod of 2^ hours was allowed to elapse after the mjections were made, 
in both the shocked and control groups, before tissue sampling began In 
the clamped control group, the clamps w^ere left m place during the tissue 
samplmg The rats were anesthetized with sodium amytal before the 
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samples were taken The phosphate fractions and isotopic content of the 
tissue samples were determined as described pieviously 
The levels for the phosphorus fi actions and the P^- values in the contiol 
animals, animals with the clamps left m position, and shocked animals aie 
given m Fig 2 for hmd leg muscle and in Fig 3 foi foie leg muscle It 



I'lG 2 Inorganic pliosphoi US (IP), phosphocicatine (PC), adenosine tnphosphate 
(ATP), total acid-solublc phosphorus (TA-SP), and values for hind leg muscle in 
non-cHmpod control rats (C ), rats with clamps left in place (Cl ), and rats in nhich 
shock developed follon mg removal of the clamps (S ) The average values are indi- 
cated bcloiv each group The phosphate values are expiessed as mg of inorganic 
phosphouis per 100 gra of wet tissue recovered from the fraction The P*- values 
represent tiie specific activity of the radioactive phosphorus present in the inorganic 
phosphorus recovered from each fraction, calculated on the basis of counts per miu- 
iilc per mg of P recovered per million counts injected per kilo of bodv weight The 
circles on the base-line indicate amounts not measurable 

would appeal fiom Fig 2 that the PC and ATP values became low in the 
hind limb as a lesult of the clamping pioceduie and lemamed low^ aftei the 
clamps wcie lemoved The inorganic phosphoius of the lund leg muscle 
was elevated as a result of the clamping When the clamps weie lemoved, 
the values weie i educed from these high concentrations but were still above 
the coiiti ol let els It also seems evident that the P32 values for these tissues 
were greatly i educed in all fractions as a result of the clamping and that 
thcie fiequently was some increase over the low values after the clamps 
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\sere rcmo\ cd Tho chnngcs m phosphorus of fore log muscle (Fig 3) ^\cre 
not mnrkcd, though there is n suggestion that when the clamps are m place 
the PC \alues, both as regards the actual level and the P” content, are 



Flo 3 Phosphate and P** \alucs for the fore Jcg muscles of tho same group of rats 
shon-n in Pig 2 


Tabll I 

Phosphate Values of Blood and Inver in Shod ed and Clamped Rats 



i 

Shocked, 6 anunals 

Clamped controls, 

7 animals 

Undamped con 
trols, 6 animals 

mm 

SptciCc 

acUvityt 

p 

Specific 

activity 

p 

Specific 

activit> 

Blood 

Inorganic P 

11 33 

4852 

4 91 

6481 

4 98 

la 

Liv cr 

<( (1 

23 28 

2C09 

15 96 

3362 

18 66 



Total acid soluble P 

92 2 

2095 

88 5 

1 

2144 

85 3 

1941 


* Inorganic phosphorus expressed as mg per 100 gm of wet tissue 
t Specific activity of the P*' estimated as counts per minute per mg of P recovered 
per million counts injected per kilo of bodyn eight 


elevated Clamping also appears to elevate the P“ content of the inorgamc 
phosphorus of fore leg muscle 

The inorganic phosphorus of the blood and liver and the total acid-soluble 
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phot-phorus of the livei, together with the lespective P^- values, are shown 
m Table I The blood inoigamc phosphoius values weie not altered by 
the clamping procedure In the shocked animals, however, the morgamc 
phosphorus of blood was greatly increased, though a smaller than noimal 
propoition of this phosphoius was in the radioactive foim The total acid- 
soluble phosphorus and P^- values in the liver weie of the same order of 
magmtude in the shocked, clamped, and control animals 



1' iG -1 The effect of insuhn on ATP, PC, and P’- m shocked and control rats The 
insulin and P’- acre given simultaneousb’’ by subcutaneous injection 1 hour before 
the tissue sample v as taken and, in the case of the shocked rats, 1 hour after removal 
of the clamps Average values followed by the standard deviations are indicated 
below each group of individual values 


The effect of insulin on the PC and ATP of non-traumatized fore leg 
muscle of the shocked lats, and of the corresponding muscles m undamped 
control rats, is shown in Fig 4 Included in Fig 4 also aie the P^^ values 
for these fi actions There was an increase m the P^- values of the PC and 
ATP fractions when msuhn was given to control animals, but this was not 
so prominent m the shocked rats 

DISCUSSION 

The studies concerning muscle glycogen showed that, in lats shocked by 
a clamping technique, insuhn admmistration did not prevent reduction in 
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the gljcogcn concc nlnlion m the non-tl'imped miihclc or the fall m liver 
gheogen, though it did ( uihC a ni irktd reduction in the blood =ugar level 
m thciC anim ds Since gb cogen storage could not be cntircb' responsible 
for this reduction in blood sugar, a stimulation of glucose removal had to 
be considered llie results on the incorporation of in ATP and PC 
after admini'-tr itioii of insulin suggested that a part at least of the fall m 
blood sugar lc\cl resulted from an increased breakdown of carbohjdrate 

The data '-how too that the damigcd muscles of the clamped hind limbs 
of the blocked nts conLained little or no PC or ATP, as vas reported pre- 
noush be Pollman and Flock (7), but that the uninjured fore limb muscles 
of these animals contained these compounds m amounts not greatly different 
from those found in the corresponding muscles of the non-clampcd control 
rats The PC of fore limb muscle in clamped annuals appeared to be some- 
nliat increased The P” \alucs of ATP and PC m fore limb muscle vere 
hkewise not gre itlj altered in the shocked animals, though clamping itself 
caused come cle\ ation of P-’ m the morgamc phosphate and PC fractions 
It should be pointed out that the tissue samples vere obtained at a time 
vhen the h\cr and muscle gb cogen concentrations vere reduced and just 
pnor to the time, after remo\ al of the clamps, when the maxnmum number 
of deatlis n as to be expected Under these circumstances it n ould seem 
unhkcb tliat a depletion of cnergj -neb phosphate resen es m muscle or a 
failure in the phospliorj lating mechanisms could be regarded as imtiating 
factors m the sequence of c\ents culmmating m shock 

In these shocked rats there is a gradual diminution m the energj’- resen'es 
as manifested b} the steady decline m the glycogen levels in muscle and 
Iner This decline maj be initiated by a poor oxygen supply to these 
tissues (8, 9) 

It has been suggested by some workers (3) that the elevation of the blood 
inorganic phosphate m shock may reflect a breakdown of high energy phos- 
phate at some site in the bod}' In the present stud> a breakdowm of high 
energj' phosphate in the liver or m the uninjured muscle of the shocked rats 
did not appear to be ini olved in the elc\ ation of the blood inorganic phos- 
phate The re=:ults support the \ncw cxpiessed by Bollman and Flock that 
the nse in the plasma inorganic phosphate is due mamly to a diffusion of 
this matenal from the occluded hind limbs follow mg removal of the clamps 
It w as observed that (a) the total acid-soluble phosphate of the traumatized 
muscles of the clamped controls was higher than that of the shocked rats, 
(b) the total acid-soluble phospliate of the liver and of the uninjured fore 
leg muscles of the shocked, clamped, and non-clamped groups of animals 
vas of the same order of magmtude, and (c) the morgamc phosphate of the 
hind leg muscles of the shocked rats was appreciably lower than that of the 
clamped controls 
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The findings obtained aie consistent with the view that any change in the 
high energy compounds occuiimg m shock is preceded by an inadequate 
supply of oxygen to the tissues mvolved A depletion of high energy phos- 
phate would appear to be not an initiating factor precipitating the chain of 
events leading to shock, but lathei the lesult of some other causal factor 
or factois 

Insulin was found to piomote an increased mcoipoiation of m the 
ATP and PC of lesting muscle m noimal fasted lats, in agieement with 
finding lepoited by Sacks (2) An inciease in the specific activity of P^- 
in ATP without an appieciable inciease in the total ATP piesent indicates 
a moie lapid utilization of ATP phosphate bond encigy, as well as an in- 
cieased late of legeneiation of the estei While lecent woik has empha- 
sized the possible action of insulin on the “hexokinase” system (10), many 
authois have suggested that insulin may play a catalytic role at some site 
m the carbohydrate cycle othei than at the point of entiy of glucose If 
insuhn exerts an acceleiating effect on the regeneration of ATP, it may con- 
ceivabty act at one oi more of seveial levels m the degradation of carbo- 
hydrate 

When insidin was admmisteied to the shocked lats, its effect on the P^^ 
values of ATP and PC of the non-tiaumatized muscles was less evident 
One possible explanation is that the muscle receives less insulin when its 
blood supply is i educed A second possibility is that, in the presence of a 
reduced oxygen supply, when muscle metabolism is moie anaerobic, the 
influence of insuhn is diminished The findings in viti o of ICiebs and Eggle- 
ston (11), Rice and Evans (12), Shoir and Barker (13), Stadie et al (14), 
and Stare and Baumann (15) suggest that insulin exerts a catalytic effect 
on the oxidation of cei tain constituents in the tiicaiboxyhc acid cycle The 
oxidation of a numbei of dicarboxylic acids has been shown to be coupled 
with the esteiification of moiganic phosphate (16, 17) Under aerobic con- 
ditions, then, there is suggestive evidence that insuhn may directly catalyze 
oxidative phosphoiylations and thereby mdiiectly effect an mcreased phos- 
phoiylation of glucose 


SUMMARY 

1 In the unmjuied muscle of lats shocked by a clamping techmque there 
was a decrease in glycogen concentration which was not prevented by insu- 
lin The glycogen content of the damaged (anoxic) muscle was very low 

2 The phosphocreatine (PC) and adenosine triphosphate (ATP) content 
of the damaged muscle fell as a lesult of the clamping piocedure and re- 
mained loi\ after the clamps weie lemoved Inorganic phosphorus was 
elevated m the damaged muscle and the P^- values weie i educed m all phos- 
phorus fractions Aftoi lemoval of the clamps the inoigamc phosphoius 
le\el decreased somewhat but was still above normal The P^^ values. 
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\\hilc “itill lou, ^^crc frcqucnlh tlightb incrribcd abo\c the concentration 
found in the cl imped nninnl": 

3 Tlic re 'inri VTI’ content of tlic undamaged muscle of the shocked 
nnun'ils did not difTer from tint of the non-el imped controls but the PC 
1 allies Mere less th^n those of the clamped animals The P-' values for PC, 
VTP, and morgimc phosphorus appeaml to be ele\iitod b\ the clamping 
procedure 

-1 Insulin M 1 -, found to promote an incrc^i'-cd mcorporition of P" in PC 
and VTP in norm il fisted controls confirming P iclvs’ report (2) This 
effect of insulin n lev- oMdent in the non-f niimatircd muscle of liic 
shocked nts 

5 A markeil elevation in ihe blofxl morgimc phosphate in the shocked 
rats Mas associated Mith i reduction m the inorganic pho'phate of the dam- 
aged muscles following remo\ il of the clamps 

G It is concluded that the reduction m the blood sugar leiel, produced 
bj insulin m shocked lats gnen glucose, is due m pirt at Ie.ist to an in- 
creased breakdoM n of carbolndratc It is concluded too th it the depletion 
of high cnerga phosphorus i^ not an initiating factor in shock The po=sible 
inaohcmcnt of insulin in o\id itne phosphoodations is diccuo'-cd 

It IS a pleasure to thank Professor C H Best for his interest and encour- 
agement in this Mork ITe Mish also to acknoM ledge that a part of this 
study Mas supported b\ i grant from the National Research Council of 
Canada 


BIBLIOGRVPHT 

1 It E , and Hamilton, J I ,J Phystol , 102, 471 (ID14) 

2 Sacks, J , Im J Physiol , 143, 157 (1045) 

3 Mc'ilnn, II , Potter, t R , Goldman, A Shipley, E G , and Mcicr, R K, 

Am T Physiol , 146, 03 (1945) 

4 Good, C A , Kramer, H , and Somogj'i, M , J Jiiol Chem , 100, 485 (1933) 

5 Fislc, C II , and Subbaroa ,V ,J liiol C5cni , 66, 375 (1925) 

6 rurchgolt,R E , and Shorr, E , / Biol CTem , 151, 65 (1943) 

7 Bollman, J L , and Elock, E V , Am J P/ii/sio( , 142 , 290 (1944) 

S Prank, H A , and Pine, J , J Chn Imcsl , 22, 305 (1943) 

9 Gutman, 11 , Kroll, II H , Olson, W II , Levinson, S O , and Is'echeles, , 11 or 

Med , 1, S24 (1941) 

10 Colon ick, S P , Con, G T , and Slcin, AI \\\J Biol C'/icm , 168, 5S3 (1947) 

11 Krebs, II \ , and Eggleston, L V , Biochcm J , 32, 913 (1938) 

12 Rice, L , and Evans, E A , Jr , Science, 97, 470 (1943) 

13 Shorr, E , and Barker, S B , Biochem J , 33, 1798 (1939) 

14 Stadie, W C , Zapp, J A , Jr , and Lukens, E D W , / Biol Chem , 132, 411 

(1940) 

15 Stare, P 1 , and Baumann, C A , J Biol Chem , 133, 453 (1940) 

10 Ochoa, S , J Biol Chem , 149, 577 (1943), 138, 751 (1941) 

17 Potter, V R , 7 Biol Chem , 169, 17 (1947) 




ox THE MECHANISM OF EXZ^iME INHIBITIOX m 
SULFIIYDRIT. IILAGEXI'S* 

Ih TIIOM\> 1* SIXOl H 

{Frot" Ihr lit part}: r of liinch'n t'-lni, <Sf/ioof oj ^fiiliciric, 11 t ‘/c r;i /i*i rtc L riii cr''ilw 
( h-dnnil ciul ll ( Ditf^ion of [gr.cuUural litochcmxflni, ( ii Kr-ifi/ 
pf ^[intifotn, Fit I’auF 

(Hcctmtl for iiuhlicidon, Dtcpnibcr 19-17; 

In recent \e.iiN a grcit deal of CMdcnce li is accinnulnted to show that 
intact — SH groups arc nccossao for the full actiMt> of a \anetj of en- 
zjTncs Tlie c\act function of the thiol group in the protein jiart of these 
"sulflndnl enmnes,” however, remains ob'-curc It lias been suggested 
that the — ^SII group dirceth participates in the actmtj of these cnzjTnes, 
and that it might be actuall} located at the "attne center” where com- 
bination of the enzame and substrate l''kcs place ( 1 ) This Mew is sup- 
ported mainh b\ experiments on the protection of 01123 mes from the action 
of — ^SII inhibitors ('reagents capable of sclcctii el} inhibiting — SH cnz3Tnes) 
b} their sub-tratc, prosthetic group, or analogue of the substnite (2) 

If the solo function of the sulfh3dr3l group in the^e en^^mes was to pro- 
Mde a locus for the combination of the substrate with the 0073^0 protein, 
then the mlubition of a sulfh3dr3l cnz3Tne b\ a specifit — SH reagent 
should be the same, regardless of the substrate used for a^s 13 , pro\ ided 
that the 0023000 is the limiting factor in the actnit}' determination To 
the author’s know ledge there are no data in the literature on this question 
This paper is an account of some experiments on wheat germ lipase and 
»-amino acid oxidase designed to test this point 

KJtPERrMENTAL 

Methods — ^Pig kidne}’’ n-ammo acid oxidase was prepared essentially b} 
the method of Ivrebs ( 3 ) The resulting acetone powder was extracted 
With 10 volumes of water at 3 °, centrifuged, and the supernatant solution 
was l3mphilized The dned preparation was dissolved m water to give a 
concentration of 3 mg per ml immediatel}' before use 

The hpase used in this work was prepared as follows Unprocessed, 
whole wheat germ was throughly defatted wuth petroleum ether, dried, and 
ground m a Wile}^ mill The stable dry powder was ex'tracted with 10 

* A preliminar} report of this work haa been presented (Federation Proc , 6, 291 
(1947)) 

Paper Xo 2322, Scientific Journal Series, Minnesota Agricultural PjXpennient 
Station, St Paul 
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INHIBITION B1 SUBFHYDRYB REAGENTS 


volumes of ice-cold water for 15 minutes, centrifuged, and the'supeinatant 
solution was adjusted to pH 5 5 with 0 5 n acetic acid The lesultmg sus- 
pension was centrifuged for 10 mmutes at 3000 r p M , and the clear super- 
natant fluid was readjusted to pH 6 6 ivith 0 5 N NaHCOa After addition 
of saturated (NH^oSOi to 35 per cent satin ation, the suspension was centri- 
fuged, and the supernatant solution tieated with more (NH^nSO-i solution 
until 55 pel cent saturation was leached The precipitate appearing at 
this point was separated and preserved in the lyophihzed state Before 
use, it was dissohcd m 0 02 ji phosphate buffei, pH 0 8, dialyzed against 
distilled water for 2 hours, and finally subjected to 15 mmutes centrifugation 
at 5000 R p M All these operations weie earned out at 3° 

Both enzymes were assayed manometiicalb'’ n-amino acid oxidase by 
O 2 uptake and uheat genn lipase by CO 2 evolution from a NaHC 03 -H 2 C 03 
buffei as a result of acid pioduction Details of the assay of this lipase 
have been described elsewhere (4) 

Wheat Germ Lipase — In order to test the cllect of the natuie of the sub- 
strate on the inhibition brought about by sulfhj'^diyl leagents, two condi- 
tions should be met Fust, the enzyme should possess a broad enough 
specificity to permit the use of a senes of substrates of raiying stiuctuie 
and molecular dimensions Second, the enz 3 ’’me should satisf}'^ all of the 
usual criteria applied m the detection of sulfh 5 ^diyl enzymes 

In the course of expenments on the lanetics of w^hcat germ lipase in this 
laboratory, the inhibition brought about bj”- a vanet}^ of — SH reagents was 
found to depend on the substrate used foi assa}’’ Since the enzj'^me seemed 
to satisfy both of the enter la mentioned above, il rvas decided to study its 
behavior toward — SH reagent'; in gi eater detail, m piefeieiicc to other 
better knowm enzr^mes 

The enz 3 Tne acts on a wide vanety of simple esters, mono- and tngly- 
( elides, and on the Tween compounds (watei -soluble pofyoxjMlkylenc 
soibitan esters of long chain fatty acids, Atlas Powdci Companj’’) Al- 
though the onz 3 Tnc has been obtained onfy in paitialfy punfied state to date, 
Ihicc different lines of evidence indicate that the same enz 3 TOe is involved 
in the actnxition of all of these substiates The experimental data on this 
point as well as on the necessity of intact — SH gioups in the enzyme foi 
full activit 3 have been described elsewhere (4) .rnd will onl 3 be biiefli" 
summaiizcd here 

With excess mono-n-butyiin 01 tiiacetm as substrate, the higlify selective 
— SII reagent, ji-ehloiomercuiibenzoate, completely and instantaneousfy 
rbohshed the activit 3 ’- of the enz 3 '-mc As would be expected, the concen- 
ti it ion of meiciiiial leciuiied for this depended on the stage of purit 3 '' of the 
enzrme piep nation and on the amount of piotcin present, 1 X 10“® to 
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1 X 10“ M concentration cfTcctcd complete inhibition The amount of 
inhibitor needed for complete imctivition i\as thus low enough to compare 
fa\orabb ^'ith established — SlI cnz 3 mcs, such as succino\idase Tn- 
Milent organic arsenic ils, which ha\e also been successful!} used m testing 
for a large scnc« of — SII ennmes ('», G) produced instantaneous and com- 
plete inhibition it ‘•imiiir concentrations Ulic arsenicals and the mer- 
curial inhibit etl the purified onrjmc to the c\tent of 25 pei tent or more 
eicnat 1 X 1 0“* m concent rat ion Tlic inhibition brought about In tha^e 
mercaptide-forming agents w is cigiuficantlj icicrscd bj addition of 10 
equnalcnts of glutathione 20 minutes after the inlubition o-Iodosobcn- 
zoate (1 X 10~= m) and fcmcjanidc (2 X m) stronglj' inhibited the 
cnzjTne, the former of the two being more cffctlnc Tlie hpa'c proicd 
considcrabl} less scnsituc to the action of lodoacctamide, which produced 
onh 55 per cent inhibition at 5 X 10“’ m concentration The rclatnc 
incffectu eness of lodoacet amide as an — SH inhibitor has often been 
pointed out in the literature, established — SII enrjmcs, such as malic 
deln drogenase, muscle adenosmetnphosphatase, and rat and pig hidnej' 
o-amino acid oxidase, are inert toward tins reagent 
On the basis of this c\ idence it seems justified to conclude tint w heat 
germ lipase requires intact thiol groups for full cnzj'matic actu it j In this 
respect it maj be contrasted with pancreatic lipase, in which the ctidentc 
for actnc sulfhjdrjl groups is rather weak, and the simple esterases of 
serum and h\cr, which do not require — SH groups for actmtj at all (G) 
Effect of tSubstraks on Inhibilton by — SH Reagents — ^\^llle a sufficient!}’’ 
lugh concentration of p-chloromercuribenzoate (3 X 10“'* m) mlubited the 
enz}Tne completely, for purposes of comparison an amount of the inhibitoi 
w as chosen w hich w ould produce only partial inhibition on all the substrates 
tested riius the concentration of the mercurial in the experiment de- 
Ecnbed in Table I was 1 X 10“^ m Under these conditions the extent of 
inhibition =eemed to t ar} w ith the molecular size of the substi ate The 
longer the fatty acid residue or the alcohol, the moie extensive was the inhi- 
bition Similarly, the moie estenfied alcoholic hydroxyl groups m the fat 
molecule, the greater w as the obseiwed inhibition Thus, for example, wath 
tnbutynn the inhibition was greatest, with tnpropionm less, and wath tn- 
acetin, the shortest chain fatty acid, it was least With monobut}a’in as 
substrate the mlubition w as more exten‘;ive than wath monopropionin, but 
less than with tnbutyrin In the simple ester senes this rule held equally 
veil From ethyl acetate to butyl acetate the inhibition mcreased pro- 
gressively, while in another senes, wath methyl acetate as substrate the 
inhibition w as even smaller than with ethyl acetate With ethylene glycol 
diacetate, which has a 2-carbon alcohol and 2-carbon fatty acid groups, the 
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mlubition by the mercimal was the same as with ethyl acetate The most 
extensive inhibition occuired with Tween 20, a water-soluble laurie acid 
ester having the greatest molecular dimensions in this series 
It will be noted that the concentiations of substrate vaiied lathei widely 
in this expeiiment, the reason for this being the differences in the Michaehs 
constants of this lipase with respect to these substrates (4) In each case 


Tab in I 

Ejfecl of Subdmlc Size on Inhibition of Lipase Activity by p-Chloromcrciiribcnzoate 


Enzyme 

prepara 

tlOD 

' Substrate 

1 

1 

Activity, c mm CO 3 

Inhibition 

Control 

With inhibitor 

A 

Tribut 3 rin,* 0 02 M 

1 

51 8 

10 0 

cent 

81 

t( 

Tripropionin,* 0 04 m 

122 0 

38 6 

68 

tt 

Tiiacetin*, 0 25 m 

335 9 

144 4 1 

57 

tt 

Monobutyrm, 0 112 m 

58 9 

18 4 

69 

H 

Monopropionm, 0 25 w 

81 6 

60 7 

26 

(t 

Ethjl acetate, 0 45 m 

73 5 

61 5 

16 

<( 

n-Piop}4 acetate, 0 20 m 

81 8 

53 0 

35 

tt 

n-Butyl acetate, 0 10 m 

73 6 

31 2 

58 


Mtthj’l acetite, 0 50 m 

93 3 

67 5 

28 

tt 

Eth}! “ 0 45 “ 

62 6 

33 0 

46 

it 

1 

Glycol diacetate, 0 30 m i 

178 0 

95 0 

47 


Tnacotin, 0 25 m 

313 0 

104 2 

67 

tt 

Tween 20, 5% , 

50 3 

8 3 

84 


Manometne measurements of acid production in bicarbonate buffer Each War- 
burg vessel contained 0 6 ml of purified wheat germ lipase containing 10 mg of pro- 
tein in Pieparation A and S 7 mg of protein in Preparation B, p-chloromercuriben- 
7oate, 0 0001 m, NallCOj, 0 025 m, pH 7 4, total volume, 3 ml , gas phase, 95 per cent 
No 5 per cent COs Duration of experiments, 30 minutes, temperature, 38° All 
blanks subtracted The inhibitor vas added to the enzyme 15 minutes prior to the 
substrate 

* Contained 0 2 per cent gelatin, this amount of gelatin did not influence the 
inhibition 

the concentration of substrate was so chosen as just to saturate the enzyme 
and theieliy give optimal activity This was to assuie that the enzjrme 
was the limiting factor m all the expeiiments 

Under Preparations A and B of Table I the mhibition with any given sub- 
stiate differed somewhat because of diffeiences in enz 3 Tne concentration 
Since the mhibition did not increase hneaily with a deciease in enzyme 
concentration, a small change m the latter brought about a greater change 
in the per rent inhibition 

The same type of systematic variation of the inhibition wms observed 
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when 7 )-ainmophenylarsme oxide, another highly specific — SH inhibitor, 
was used as the enzyme poison, as seen m Table II The experimental 
conditions were the same as in the prenous experiment with the mercunal, 
except that the hpase used in this experiment was a more lughly purified 
preparation It is apparent that again a gradually mcreasmg inhibition 
n as obtamed mth increasing molecular dimensions of the ‘uibstrate m the 
simple ester senes and m the mono- and tnglvcende senes Inspection of 

Tutm II 


Effect of Substrate Size and Concentration on Inhibition of Lipase by 
p- Imtnophcnylarsinc Oxide (2 7 X ICT^ u) 


i 

Subatrate ' 

Acti\it> cjnin 

COj per 30 miD 

[ 

InhabiUon 

Control 

W ith As 

Alethjl acetate, 0 5 u 

1 

241 4 

224 8 

ptr uni 

7 

Ethjl “05“ 

161 0 

136 1 

15 

Propjl “01“ 1 

118 7 

88 3 

26 

Butjl “01“ 

156 4 

97 6 

38 

Monopropiomn, 0 25 jt 

151 6 

116 2 

1 23 

“ 05 “ 

175 2 

1 130 6 

1 25 

Monobutjrm, 0 11 ii 

126 2 

1 74 2 - 

41 

“ 0 25 “ 

, 152 9 

86 6 1 

43 

1 

Tnacetin, 0 25 m j 

1 

' 656 3 

568 7 ! 

14 

Tnpropionm, 0 02 m 

194 7 

120 9 1 

38 

Tnbutyrin, 0 02 m | 

1 78 0 

29 8 1 

t 

62 

Gh col diacetate, 0 25 m 

483 1 

425 1 i 

12 

“ “ 05 “ 1 

m 0 

1 

428 8 t 

14 


Experimental conditions as in Table I, except that 5 7 mg of a more highly puri- 
fied enzyme preparation were used in each experiment 


Table II also reveals that the reason for the different inhibitions cannot 
be m the differences m substrate concentration, for the concentration of 
substrate did not affect the extent of inhibition as seen m the case of mono- 
propionm, monobutynn, and glycol diacetate Also with methyl acetate 
®fhyl acetate, and monopropiomn, all present at the same concentration, 
quite different inhibitions were obsen^ed Agam, with 0 25 w glj col diace- 
tate, monopropiomn, and monobutynn, the inhibitions differed mdely 
Although displacement of the inhibitor by the substrate at higher con- 
centrations of substrate w’as quite unlikely as an explanation for the i aned 
inhibitions observed, a duect test of this pomt was made m the expenment 
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lepoited in Table III In this expeiiraent o-iodosobenzoate, a mild oxi- 
dizing agent, was used as an inhibitoi in place of the mercaptide-foiining 
inhibitois in which dissociation of the cnzyme-inhibitoi complex is appie- 
ciable With this compound, howevei, oxidation of the — Sli gioups to 
disulfide linkage occuis (7), which bond could bo biokcn only by poweiful 
1 educing agents As is seen in Table III, when o-iodosobenzoatc iias tlip 
mhibitoi the same systematic coiielation uas found between the iiatuic of 
the substiatc and the extent of the inhibition as nhen the mcicaplidc- 
foiming leagents iioie used Since none of the substiates used is capable 
of 1 educing an — SS — linkage to the thiol stage, these expeuments show 
that displacement of the substiate cannot account foi tlic lesults undci dis- 
cussion 


T\»ia III 

Inlnbiiion of Wheal Germ Lipase by 1 X I0~^ \i o lodosohenzoatc 


1 

Substrate 

Activity, c mm 

COi per 30 min 

Inhibition 

Control 

With inhibitor 

Tiiacctin, 0 25 m 

1 

532 

266 

per cent 

50 

Tripiopiomn, 0 02 m 

335 j 

108 I 

67 

Tnbutynn, 0 02 m 

143 

30 4 

S9 

Monobutyrin, 0 11 m 

85 9 

22 0 

74 


Expenmeutal conditions as in Tabic I 30 minutes incubation with inhibitor 
before addition of substrate 

Similai lesults were obtamed when other — SH mhibitois (feiricyanide, 
various organic arsenoxides) weie used 

'D-Amino Acid Oxidase — The broad specificit 3 ’’ of this enz^’^me is well 
Icnoivn The essential nature of its — SH gioups for full activity has been 
adequately established, at least for preparations from rat and sheep kidnej^s 
(6, 8) The experiments heie reported were peifoimed ivith the enzyme 
isolated from pig kidneys, but an acetone powder of rat kidney gave en- 
tirely similar results 

Low concentrations of all mercaptide-formmg — SH reagents tested inhib- 
ited the enzyme completely and instantaneously 10 equivalents of gluta- 
thione produced complete reversal of the inhibition A concentiatioii of 
inhibitor was again selected which would produce partial inhibition only, 
thus permitting accurate comparison of various substrates In the expeii- 
ments recorded in Table IV, 2 2 X 10~® M p-aminophenylaisme oxide was 
used for tins purpose The exdent of inhibition was again iiidepeiideiit of 
the concentiatioii of the substiate, even when the latter was varied 4- to 
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7-fold, pro'inded that the enzyme was nearly saturated with respect to sub- 
strate (Table r\’’, first and last sections) This agam rules out displace- 
ment of the inhibitor bj" the substrate as an explanation of the findinp on 
lipase 

With n-ammo acid oxidase the inhibition was also independent of the 
nature of the substrate, tliat is, of the molecular dimensions of the ammo 


TtBLE ly 

Efecl of Substrate Size and Conccnlralton on Inhibition of D--iiiuno Acid Oxidate by 
2 2 X 10~^ ir p-Aminophenylarsine Oxide 


1 

EnzjTDC , 

j 

Sab tnilc 

^ yictivity c.nias Oj 
nptake p^r 30 nm 

Control 1 With As j 

Inhibition 




1 

J 

pgr cm' 

11 3 

0 03 11 DL-alanine 

147 4 

i 52S , 

64 

11 3 

0 05 “ “ 

164 4 

66 0 1 

60 

11 3 

0 1“ 

1&4 0 

; 78 6 , 

57 

11 3 

0 2“ “ 

, 199 1 

' 82 S 1 

! 

59 

10 2 

0 05 -I DL-alarune 

, 184 2 

S3 8 

55 

10 2 

0 05 “ DL-or-aimnobutjTic acid 

1 66 1 

28 0 

57 

10 2 

0 05 “ DL-methionine 

t 210 0 

1 99 1 

53 

10 2 

0 05 “ DL-phen3 lalanme 

{ 115 1 

! 56 S ' 

51 

10 2 

0 05 “ DL-isoleucine 

! 162 7 

71 3 

56 

10 2 

0 05 “ DL-norvaline 

, 49 6 

1 20 1 

57 

9 7 

0 05 M DL-alamne 

j 164 5 

i 58 7 ‘ 

64 

0 7 

0 20 “ “ 

: 1S3 9 

1 08 3 , 

63 

0 7 

0 05 “ DL-valine 

. 116 0 

39 7 

06 

9 7 

0 10 “ 

133 5 

' 46 2 ! 

C5 

9 7 

0 094 M DL-isoleucine 

; 170 9 

‘ 66 7 

61 

9 7 

0 10 M DL-methionine 

1 240 0 

101 9 

I } 

5S 


Manometric measurements of Oj uptake in 0 02 j pjTophosphatc buffer, pH 8 3 
Inhibitor added 20 nunutes prior to substrate Temperature, 3S°, duration oi ex- 
periments, 30 minutes, gas phase, air, total \oIume, 3 0 ml The enz>-me vas a 
high speed centrifuged, Ijophilired water extract of an acetone powder of pig 
kidnci 

acid used for activity determmation The same mhibition u as produced b^ 

the arsemcal on alanme, a-ammobutxTic acid, non ahne, valme, isoleucme, 
nietluonine, and phenx dnlanin e, although thi= senes represents a consider- 
hle 1 ariation m molecular dimensions 
Trble V shows tliat the oxidizmg agent o-iodosobenzoate inhibits the 
enzj-mc to the same extent w hether alanme, methionine, or phenx lalanme 
i-j iiscfl IS substrate, m agreement mth the results obtamed mtli the arseni- 
f d 
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When the enzyme was tested on five ammo acids with 4 4 X 10"® m p- 
chloiomeicuribenzoate as the inlubitor, again essentially the same inhibi- 
tion -was observed in all cases This is shown in the fiist pait of Table VI 
It will be noted that all the ammo acids were present at 0 05 m concentra- 

Tvbli V 

Inhbilion of d- b/uno Acid Oxidase bi/ i S3 X 1(^'‘ M o-Iodo\obcjizoalc 'Is A-^iaijcd 

on Vaiioiis Substrates 


Substrate 

Activity, c mm Oj uptake 

Inhibition 

Control j 

With inhibitor j 

iiL-Alamne, 0 05 m 


36 S 

per cenl 

78 

111 -Methionine, 0 05 m 


54 5 I 

76 

ui Plieni lalmine, 0 05 i\t 


22 4 1 

79 


E\poriinentnl conditions as iii Table IV Amount of 01173 me, 9 7 mg per vessel 

Table VI 

Inhibihan of n-Aimno Acid Oxidase by p-Chloromercui ibonzoate (4 Jf ^ * 1 ® 

Tested on Various Substiates 


i 

Eiizjmtj ! 

1 

i 

1 

Substrate 

Actnit) c mm 0 
uptake 

Inhibition 


Control 

With 

inhibitor 

pts 

11 3 

0 05 M DL-alanine 

163 7 

55 2 

per cent 

66 

11 3 

0 05 “ DL-vahne 

115 6 

37 0 

68 

11 3 

0 05 “ DL-metIuoniue 

210 9 

87 7 

58 

11 3 

0 05 “ UL-phenylalanme 

114 7 

45 4 

61 

11 3 1 

j 

0 05 “ DL-isoleucme 

161 5 

76 9 

53 

10 0 1 

0 05 M DL-methioninc 

156 7 

17 0 

89 

10 0 

0 116 “ 

179 5 

37 5 

79 

11 3 

0 05 M i)L-alanme 

164 5 

54 1 

67 

11 3 

0 2““ ^ 

183 9 

92 4 

50 

11 3 

0 05 “ “ -f- 0 15 M /5 alanine 

164 5 1 

65 5 

60 

11 3 

0 05 “ “ 0 15 “ gb’^cme 

1 147 5 

58 6 

60 


E\pcrimental conditions as m Table IV 


tion With iboleucine the inhibition was shghtly less m this particular ex- 
peiiment, but this piobably repiesents an experimental error 
The expel iments repoited in the second and third sections of Table VI 
weie designed to demonstrate further that mliibition is mdependent of sub- 
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strate concentration When the concentration of methiorune was more 
than doubled or the amount of a-alanme mcreased 4-foId, the inhibition de- 
creased only 10 to 20 per cent It 'wtU be remembered that -mth the arsen- 
icals as mhibitors even this small effect did not occur The apparent 
explanation of this shght discrepancj” is that the mercunal, unlike the arsen- 
oxide, IS capable of combmmg with the carboxyl groups of ammo acids 
\shen the latter are present m xeiy large concentration However, the 
affimt} of p-chloromercunbenzoate for the — &H groups of n-amino acid 
oxidase is many thousand tunes greater than for the — COOH group of the 
ammo acid 

In order to show that the small but consistent decrease m the inhibition 
brought about b 3 ’- delayed addition of excess amino acids could be ascnbed 
to a non-specific combination with the — COOH group rather than dissocia- 
tion of the mercaptide by a specific substrate, the foUov mg experiment was 
performed T\io carboxyhc acids were selected with the same pK value 
as a-alamne w hich, how ever, are not attacked bj”^ the enzjrme Glycme and 
/3-alanme w ere used for this purpose In the last section of Table it is 
seen that when these ammo acids were used to provide the high — COOH 
concentration essentially the same t 3 Tie of small decrease m inhibition was 
obsened as with excess a-alamne 

Thus it seems justified to conclude that the inhibition of n-ammo acid 
oxidase by both arsemcals and mercurials is mdependent of the concentra- 
tion of substrate and that displacement of the inhibitor bj'' the specific sub- 
strate does not occur to a significant extent 

DISCUSSION 

An mteipretation of the experimental observations on the inhibition of 
wheat germ lipase leported m this paper will now be attempted It is 
clear that the different inhibitions found when esters of varying structure 
were used as substrates are vahd only if the enzyme was the limitmg factor 
in all instances Considerable effort wms made to test this pomt Yaiy- 
ing the substrate concentration, as noted above, or the pH of the assay, m 
no waj-- affected the differential inhibition obsen'-ed All endence pointed 
to the fact that the enzjme protein was actually the limiting factor m all 
these experiments 

The possibihty of some reversal of the inhibition bj^ substrates has al- 
ready been refeixed to m the experimental part This pomt was especially 
carefully tested m new of the knowm fact that wnth enzymes like sucem- 
oxidase the substiate may protect the enzyme from various — SH inhibitors 
That displacement of the inhibitor by the substrate occurred to no measur- 
able extent is evident from Table II and this is, of course, eliminated by 
experiments with oxidizing agents, such as are reported m Table III 
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Furthermore, it should be pointed out that the dissociation constants of the 
lipase for most of these substrates have been e\peiimentally detei mined 
(4) and no positive con elation was found with the extent of mlubition pro- 
duced by any — SH leagent when these esteis were used as substiates As 
a matter of fact, in most instances, theie was a negative con elation ' The 
smallei the dissociation constant of the enzyme for the substrate, the more 
tightly it binds that substiate, and hence the moie easily the latter should 
lelieve an inhibition if displacement does occui Actually, the substiates 
with the smallest dissociation constant (tiibutyiin, tiipiopionin) vere the 
,veiy ones which allowed the greatest inhibition by — SH leagents 

The data on n-amino acid oxidase aie compatible with the idea that the 
— SH groups of that enzyme may be diiectlj'’ involved in the activation of 
its substrates On the othei hand, thedemonstiation that the effect of any 
— SH leagent on wheat germ lipase depends on the paiticulai substiate used 
foi assay, and further that complete inhibition towaid one substiate can be 
demonstiated with little effect towaid othei substiates at the same con- 
centiation of inhibitoi indicates that the — SH groups of this lipase aie not 
dnectly involved in its activit}'- 

The appaient coii elation found between the moleculai dimensions of the 
substiate and the inhibition of the lipase suggests fuither possibilities It 
seems entnely possible that not only one or two functional gioups located at 
the active ccntei but that also the configuiation and aiiangement of the 
amino acids at some distance fiom the active centei might deteimine the 
catalytic activity of enzymes Thus if the — SH gioups of wheat geim 
lipase weie located in the 'lucinity of, oi at some distance from, the active 
centei, without being directly involved in the activation of the substiate, it 
IS conceivable that foimation of complexes oi oxidation of these — SH 
groups, as in the foiegoing expeiiraents, might siencally mterfeie more with 
the appioach of the laigei substiate molecules to the active suiface than 
with that of smallei ones This might then account foi the influence of the 
molecular dimensions of the substiate on the inhibition observed 

It would be mteiesting to extend these findings to other — SH enzymes 
Theie aie, unfoitunately, few enzymes knovui that would satisfy both of the 
criteria listed m the expeiimental part Possibly ci-ystalhne papain, an 
established — SH enzyme, might be used foi this puiiiose, pioiided that an 
adequate numbei of synthetic substiates are ai'^ailable It vould also seem 
desiiable to examine “essential” ammo or phenolic gioups with the same 
view in mind 

A fuithei corollaiy of these findings seems to be that it is no longei quite 
safe to conclude that two or moie enzjunes with similai functions are present 
in a preparation on the basis of diffeient inhibitions obtained Avith two oi 
more substiates foi assay 
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SUMSIARY 

1 The extent of inhibition of wheat germ hpase by sulfhydryl reagents 
(arsenicals, p-chloromercunbenzoate, oxidizmg agents) vanes with the par- 
ticular substrate used for assaj’’ 

2 The vanation seems to be well correlated v ith the molecular dimen- 
sions of the substrate The larger the substrate molecule, the gi eater the 
inhibition pioduced b}’’ an}’’ — SH reagent 

3 Revel sal of the inhibition by higher substiate concentrations has been 
elunmated as a possible ex-planation of these obsen'ations 

4 The data ha\e been mteipreted as suggesting a possible stenc mter- 
ference with the approach of substrates to the active surface of the hpase 
by — SH reagents 

5 The mhibition of n-ammo acid o-adase by — SH reagents is mde- 
pendent of the natuie of the substrate used for assay, m agreement ’with the 
idea that the — SH groups of this enzyme might be directl}’’ mvolved m the 
actuation of substrates 
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THE IMiMIJNOCHEMISTRY OE TOXINS AND TOXOIDS 

V THE SOLUBILITY OF STAPHYLOCOCCAL TOXEV US’ METHANOL- 
WATER ]MIXTURES UNDER CONTROLLED CONDITIONS OF 
PH, IONIC STRENGTH, AND TEMPERATURE* 

By ruth G WITTLER and LOUIS PILLEMER 
(From the InsMute of Pathology, Western Reserve University, Cleveland) 

(Received for publication, January, 17, 1948) 

The success encountered m the punfication of tetanal toxm (1) and toxoid 
(2, 3), of diphthenal toxoid (4), and of soluble pertussal antigens (5) war- 
ranted attempts to purify other toxins and toxoids by the multiphase sj’’s- 
tem of protem fractionation The system employs the precise adjustment 
of methanol concentration, pH, lomc strength, and protein concentration 
under ngidly controlled conditions of temperature m order to separate or 
isolate protems 

Previous attempts to punfy and concentrate staphylococcal toxm have 
met mth varying degrees of success Holt (6) employed ammomum sulfate 
to concentrate staphylococcal toxm Burnet and Freeman (7) precipitated 
the toxin -vNuth acetic acid, -while Boi-vm and Izard (8) used tnchloroacetic 
acid It IS the object of the present commumcation to report studies on 
the solubihty of staphylococcal toxm in methanol-v ater mixtures Sub- 
sequent pubhcations -will deal rv ith the actual isolation and characterization 
of the to-on 

Materials 

Slaphyhcocais aureus, stram Wood No 46, was groum m a hquid medium 
contaming morganic salts of sodium, potassium, calcium, and magnesium, 
ammomum lactate, and proteose-peptone Cultures weie mcubated for 
24 to 48 hours, dunng which time they were aerated -mth a gas mixture of 
20 per cent carbon dio-ade and 80 per cent oxygen The cell-free filtrates 
of the cultures contained the a-to-an * 

A^Tute, Suiss, female mice- ueighmg about 20 gm each were used for 
determination of mimmal lethal dose of the toxin 

All reagents w ere either c f or the best grade obtainable Dilutions of 
toxm for m 1 d determinations were made m 1 per cent Witte’s peptone m 
saline 

* Aided b\ a grant from the Lederle Laboratories Division, Amencan Cjanamid 
Companj 

’ We wnsh to express our gratitude to Dr H D Piersma and Mr J N Adam, Jr , 
of Lederle Laboratories for furnishing the staph} lococcal toxun used in this work 

’ Obtained from Tumblebrook Farms, Brant Lake, New York 
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Methods 

Imiminological 

Flocculahon Test — The pioceduie foi the Lf test was essentially the same 
as that descnbed by Pillemei (2) Antitoxin diluted to 100 units per ml 
ivith m/15 phosphate buffei of pll 7 4 was added in inci casing amounts to 
a senes of seiological test-tubes Ciude oi puiified toxin in 2 0 ml amounts 
was then added to each tube and the volume bi ought to a total of 2 5 ml 
with phosphate buffci Aftci the contents weic thoioughly mixed, the 
tubes weie placed in a watei bath at 50° Tlie tube in which the fust defi- 
nite flocculation occuiied was the indicatoi tube, and the time (in minutes) 
lequired foi flocculation was the lif In ceitain expeimients, the number 
of units of antitoxin was kept constant, and the amount of toxin was vaiied 
This made compaiison of various Kf values possible 

Minimal Lethal Dose — The method described by Pillemei (2) foi the 
deteiimnation of m 1 d was followed Mice were in)ected mtrapentoneally 
with 1 0 ml of varying dilutions of toxin Mice were observed foi 96 houis 
following the mjection, however, death usually occuried within 24 houis 
and rarely after 48 houis The end-pomt chosen was that dilution iihich 
lolled all of the mice injected witlun 96 houis 

It will be noted m Tables I to V that flocculating capacity and lethal 
activity of the toxin aie not directly i elated The tiue relationship of these 
two tests cannot be deteimmed until the toxin has been obtained m pure 
form Howevei, it should be pointed out that complete lecovery of Lf 
units associated with a slight loss in m 1 d units might indicate the piesence 
of toxoid, which, if it were piesent, would letain the abihty to flocculate 
but would, of couise, not be detected in the m 1 d test Since it was diflfi- 
cult to obtain lepioducible results m the m 1 d test and since the Lf test, 
in contrast, was highlj'- reproducible, the lattei was rehed on in tins work 
foi estimating yield and purity The m 1 d test was used onl3'’ to detect 
the piesence of lethal activity after each purification pioceduie The 
actual yield of m 1 d units was not sigmficant in deteimimng the optimal 
conditions of fractionation so long as at least 50 per cent of the lethal activ- 
ity could be detected The Lf value of the toxin as obtained by the floc- 
culation test compared favorably with the L+ value obtained by the lethal 
test and with the Lh value obtained by the hemolytic test The neutral 
mixture of toxin and antitoxin as deteimmed by the Lf test did not kill 
mice or hemolyze red cells 


Chemical 

Determmation of nitrogen was made m duplicate by the micro-Kjeldahl 
method of Pregl lomc strength was determined by calculation after the 
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addition of all reagents to the system Hydrogen ion concentrations were 
determined on the glass electrode 

ESPERUIENTAL 

Precipitation of staphylococcal toxm was studied under varymg condi- 
tions of pH, methanol concentration, ionic strength, protem concentration. 

Table I 


Precipilalton of Staphylococcal Toctn Lot 8OB45 under Varying Conditions of pH, 
Methanol Concentration, Ionic Strength, and Protein Concentration at —B° 


Sample 

No 

■ 

Metha 

nol 

to 

c 

Protein 

N per ml 



Mid 
per ml 

Lf per 
mg N 

Yield 

H 

»-< 




Lf 

Mid 



ptr cenl 


Per cenl 

ms 


yntn 



per uni 

per uni 

4 

7 0 




0 176 



0 5 



1 

12 

6 0 

25 


1 3 

0 073 



0 5 



1 

3 

6 0 

miim 


1 0 

0 234 







2 

5 0 


0 os 


0 269 

12 

110 

5 0 

45 

73 

10 

8 

4 6 



1 0 

0 310 

14 

50 

50 0 

45 

82 

100 

7 

4 3 

40 

0 08 


0 277 

16 

45 

50 0 

58 

94 

100 

11 

4 3 

25 

0 10 

1 3 

0 135 

17 

28 

25 0 

126 

100 

50 

1 

4 0 

40 

0 08 


0 203 

16 

45 

25 0 

79 

98 

50 

6 

4 0 

40 



0 221 

15 

45 

50 0 

68 

88 

100 

10 

4 0 

25 

0 10 

1 3 

0 109 

17 

28 

25 0 

156 


50 

16 

4 0 

20 

0 11 

1 3 

0 081 

17 

28 




100 

17 

4 0 

15 

0 11 

1 4 

0 060 

17 

24 

38 0 



75 

18 

4 0 

15 

0 17 

1 4 

0 044 

15 

25 

50 0 

341 

88 

100 

23 

4 0 

15 

0 11 

1 4 

0 038 

13 


50 0 

342 


100 

9 

4 0 

10 

0 12 

1 5 

0 049 

14 

28 

12 5 

286 

82 

25 

5 

3 7 




0 206 

15 



73 


100 

13 

3 0 

7 

0 19 

1 6 

0 047 

12 


5 0 

255 


10 

14 

2 0 

4 

0 23 


0 040 



1 0 


■1 

2 

15 

1 5 

2 

0 30 

16 

0 038 





■ 


Parent toxin, Lot 80B45 


3 033 

17 

40 

50 

6 




and temperature Ahquots of paient staph3dococcal to-on at pH 7 45 were 
cooled to 0°, and ice-cold acetic acid, m vanous concentrations and m con- 
stant volume, was added to gii e h3'drogen ion concentrations between pH 
4 0 and 7 0 pH values from 1 5 to 3 7 were obtained bj’’ the addition of 
cold HCl The samples iiere cooled m a bath at —5° to the freezing pomt 
of the mLxtures Calculated amounts of methanol prenousty chilled to 
— 20° i\ ere sloii ly added 11 ith stirrmg The mixtui es v ere allowed to stand 
at —5° ovenught, centrifuged’ at —5°, and the precipitated matenal dis- 

* An International PR-1 refngerated centrifuge was used throughout these experi- 
ments 
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solved at 0° to the original volume of the paient toxin m m/15 phosphate 
buffer of pH 7 4 Nitrogen, Lf, and m I d determinations weie cairied out 
on the dissolved piecipitates Yields weie calculated in tcims of recovery 
of Lf 01 m 1 d umts fiom the parent toxin 
Staphylococcal toxin was most satisfactoi ily piecipitated at pll 4 0m the 
presence of 15 pei cent methanol at ionic st lengths of 0 11 to 0 17 (Table 
I) Increasing the methanol concentration at this hydiogen ion concentra- 
tion lesulted m piecipitation of more extianeous nitiogenous constituents 
along with the toxin as indicated by the deciease in Lf per mg of N De- 
creasing the methanol concentiation below 15 pel cent lesulted in incom- 
plete piecipitation of toxin Hydiogen ion concenti ations as low as pH 
4 6 or as high as pH 3 7 in 40 pei cent methanol also piecipitated toxin in 
good yield, but the puiity of these products was greatly decreased, and the 

Table II 


Influence of Ionic Strength on Precupitatton of Staphylococcal Toxin at pH 4 0, Methanol 
Concentration of IB Per Cent, and Temperature of —B° 


Sample No 

Ionic 

strength 

Protem i 

1 

N per ml j 

Lf per ml 

1 

Lf per 
mg N 

[ Yield of Lf 



per cent | 

ms 


1 mtn 


per cent 

19 

0 06 

0 8 

0 087 

17 

' 30 

' 195 

99 

20 

0 10 

1 2 

0 059 

16 

32 

271 

92 

21 

0 15 

1 2 

0 062 

14 i 

37 

226 

83 

22 

0 20 

1 2 

0 057 

14 

! 

246 

83 

Parent to\in, Lot 80B45 | 

3 033 

17 

40 

1 6 



ICf was increased Hydrogen ion concenti ations greater than pH 3 7 are 
injurious to the toxin, even at low methanol concentrations Hydrogen 
ion concentrations less than pH 5 0 at methanol concenti ations as gieat as 
40 per cent do not piecipitate the toxin Piecipitation at pH 4 0 in 15 pei 
cent methanol yields toxin that is 50 times moie pure on a nitrogen basis 
than the paient toxin 

The effect of an increase or deciease m ionic strength at pH 4 0 and 15 
pel cent methanol on the solubility of the toxin is shown in Table II A 
gi eater degree of puiification with a good yield was obtained when the ionic 
stiength was adjusted to approximately 0 1 than when lugher or lower salt 
concenti ations weie employed 

Staphylococcal toxin which was precipitated at pH 4 0, methanol con- 
centration of 15 per cent, lomc strength of 0 11, and temperatuie of —5° 
vas dissolved m 0 15 m sodium acetate to one-twentieth of the volume of 
the parent toxin and designated Fraction P-I Aliquots of Fraction P-I di- 
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luted ■with an equal part of ice-cold distdled water were placed at 0°, and 
vanous concentrations of acetic acid in constant volume were added to give 
pH values from 3 6 to 5 9 Before the addition of methanol, the samples 
were chilled to the freezmg pomt of the mixtures m a — 5° bath These 
samples were allowed to stand at —5° overmght, while those samples which 
did not contam methanol v ere held at 0° The precipitates were then re- 

Table III 


Preciptlalton of Fraction P-II from Fraction P-1* under Varying Conditions of pH, 
Methanol Concentration, Ionic Strength, Protein Concentration, 
and Temperature 


Sample 

No 

pH 

Metha 

DOl 

IC 

trcngth 

Protein 

Temper 

ature 

N 

insol 

able 

Lf m 
soluble 

Kf 

Mid, 

insoI 

uble 

Lf per 
mg N 

Vield 




e 03 





Lf 

M.1J. 



^er cent 


per cent 


mK 


mtn 



per 

cent 

per 

cent 

12 

5 5 

40 


0 13 

-5 

3 11 

1060 

13 

2650 

341 

83 

T?iM 

6 

o 5 

0 

0 07 

0 22 

0 

1 53 







11 

5 0 

25 

0 05 

0 17 


3 41 

1113 

12 

2650 

326 

87 

»i!M 

5 

5 0 

0 

0 07 

0 22 

0 

2 27 

636 

21 

1060 

280 

50 

40 

4 

4 6 

0 

0 07 

0 22 

0 

2 46 

1166 

13 

2650 

474 

92 

I in 

2 

4 4 

0 

0 07 

0 25 

0 

2 64 

1113 

15 

2650 

422 

75 

! Sn 

10 

4 3 

20 


0 18 

-5 

3 47 

1325 

13 

2650 

382 


1 Sfl 

9 

4 3 

10 

0 07 

0 20 

-5 


1272 

12 

2650 

397 


' Sfl 

8 

4 3 

0 


0 22 

0 

2 08 

1166 

13 

2650 

561 

92 

I Sfl 

3 

4 1 

0 

0 07 

0 22 

0 


954 

17 

2120 

476 

75 

Kn 

7 

4 0 

10 

0 07 

0 20 

— O 


1166 

14 

2650 

446 

92 

mfl 

1 

4 0 

0 

0 07 

0 25 

0 

2 16 

1060 

15 

2650 

490 

71 

ffifl 

17 

3 6 

0 

0 07 


0 









* All samples, except Samples 1 and 2, were derived from Fraction P-I which con- 
tained 0 76 mg of N per ml , 240 Lf per ml , 316 Lf per mg of N, 500 mid per ml , 
and had a ICf of 20 minutes Samples 1 and 2 were denved from Fraction P-I n hich 
contained 0 87 mg of N per ml , 280 Lf per ml , 322 Lf per mg of N, 500 m 1 d per 
ml , and had a Kf of 20 minutes 


moved by centrifugation at either — 5° or 0°, dependmg on the methanol 
concentration 

The precipitates vere dissolved at 0° m m/15 phosphate buffer of pH 7 4 
to one-tenth the volume of the parent to'on The dissolved precipitates 
(Fraction P-II) (Table III) and certain supernatant fluids (S-II) (Table 
r\0 v ere tested for mtrogen content and Lf and mid values Yields 
Were calculated on the recovery from Fraction P-I 

The conditions for attainmg the greatest puntj- without appreciable loss 
of toxic or flocculating actmty were pH 4 3, lomc strength of 0 07, protem 
concentration of 0 22 per cent, at 0° (Table III) In the absence of meth- 
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anol, hydiogen ion concentrations greater or less than pH 4 3 did not in- 
crease the jneld of toxin and geneially deci eased the piiiity When the pH 
was lowered to 4 0 or raised to 5 0, methanol was necessaiy foi satisfactory 

Table IV 


Separation of Fraction S-Jl fiom Fiaclton P-I* at 0° tn Absence of Methanol, under 
Varyinq Conditions of pH, Ionic Sliength, and Pi olein Concentration 


Sample 

No 

pH 

Ionic 

strength 

Protein 

N. 

soluble 

Lf 

soluble 

Kf 

Mid, 

soluble 

Lf per 
mg N 

Yield 

Lf 

Mid 

20 

5 9 

0 04 

per cent 

0 11 

mg 

3 33 

1165 

imn 

28 

2330 

350 

per cent 

86 

per cent 

S3 

19 

5 6 

0 04 

0 11 

3 01 

1165 

28 

1165 

387 

86 

41 

18 

5 6 

0 02 

0 06 

4 12 

1419 

25 

2365 

344 

100 

81 

6 

5 5 

0 07 

0 22 

2 77 

1100 

20 

2260 

397 

86 

85 

22 

5 4 

0 04 

0 11 

2 77 

979 

23 

2330 

353 

72 

83 

21 

5 1 

0 04 

oil 

2 21 

583 

27 

1165 

264 

43 

41 


* Fraction P-I contained 0 76 mg of N per ml , 240 Lf per ml , 316 Lf per mg of 
N, 500 m 1 d per ml , and had a Kf of 20 minutes 


Table V 

Extraction of Fiaction P-II* at Various Hydrogen Ion Concentrations with Phosphate 
01 Acetate Buffeis of 0 16 Ionic Strength 


Sample No f 

pH 

N ex 
tracted 

Lf 

extracted 

Kf 

Mid 

extracted 

Lf per 
mg N 

Yield t 


Lf 

Mid 



ms 


mtn 



per cent 

per cent 

30 

6 5 

2 74 

1400 

15 

3500 

511 

75 

100 

29 

6 0 

2 48 

1708 

15 

3500 

688 

92 

100 

28 

5 5 

1 85 

1400 

12 

3500 

756 

75 

100 

27 

5 0 

1 16 

1400 

10 

2800 

1207 

75 

80 


* Fraction P-II was separated from Fraction P-I at pH 4 3, ionic strength of 0 05, 
piotein concentration of 0 26 per cent, at 0° in the absence of methanol 

t Samples 30 and 29 nere extracted nith phosphate bufters and samples 2S and 27 
weie extiactcd with acetate buffeis at the pH indicated 

t Yields were based on recovery from Fraction P-I which contained 0 S7 mg of 
H per ml , 2S0 Lf per ml , 322 Lf pei mg of N, 500 m 1 d per ml , and had a Kf of 20 
minutes 


lecoveij’- of to\m, but this also lesulted lu piecipitatiou of non-specific 
nitiogenous material In fact, the addition of methanol at anji- pH lesuIted 
Hn the piecipitation of impurities All efforts to maintain the toxin m a 
soluble state wlule precipitating the non-toxic constituents of Fraction P-I 
weie less satisfactory (Table IV) than the above procedures Inci easing 
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the ionic strength at pH 4 3 resulted m increased solubihty of toxin as well 
as of non-specific nitrogenous products 
The precipitate obtained bj' fractionation of Fraction P-I at pH 4 3, ionic 
strength of 0 07, protein concentration of 0 22 per cent, at 0° as desig- 
nated P-II This material as extracted mth buffers of ^ anous hj’-drogen 
ion concentrations and ionic strengths The suspensions i\ere stured for 
5 minutes and allow ed to stand for 10 minute* The pi ecipitates wei e then 

remm ed by centnfugation Extraction and centrifugation pi ocedures w ere 
earned out at 0° The ‘•upematant fluids w ere anatyzed for toxin and 
mtrogen content Yields were based on the reco^ erj fiom Fraction P-I 
It w ill be seen m Table Y that extraction wnth acetate buffer of pH 5 0 
and ionic strength of 0 15 was superior to extinction wnth acetate buffer* 
of pH 5 5 or phosphate buffers of pH 6 0 and 0 5 of lomc strength 0 15 
Although a shght loss in yield resulted from extraction at pH 5 0, the purifi- 
cation obtamed outweighed the loss In other experiments it was foimd ' 
that buffers of lomc strengths greater or less than 0 15 were In^^g effective 
exdractmg agents 

The procedure leported above jnelds a toxm ha\Tng over 1200 Lf per mg 
of N and a punfication factor^ of 200 On the basis of the foregoing results, 
large quantities of toxm wiU be proce-sed m order that sufficient quantities 
of this matenal may be available for the actual isolation of the toxm 

SUJUIARX 

The solubihty of staphylococcal toxm m methanol-water mixtures of 
controlled pH, lomc strength, and temperature has been determmed 
Staphylococcal toxm is precipitated from the parent filtrate at pH 4 0, 
methanol concentiation of 15 per cent, lomc strength of 0 11 ± 0 01, and 
temperature of — 5° Reprecipitation at pH 4 3m the absence of methanol, 
at 0°, followed by extinction of the piecipitate wnth acetate buffer of pH 
5 0 and lomc strength of 0 15, jnelds toxm which has over 1200 Lf per mg 
of N and retains its lethal actmty 
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INHIBITION OF HYAI.URONIDASE ACTION BY DERRMTH’ES 

OF HESPERIDIN 

Br J M BEILER A^D GUSTAV J JLARTIX 

(From the Research Laboratories, The National Drug Company, Philadelphia) 

(Received for publication, January 19, 1948) 

In a previous communication (1) it was reported that certam vit amin P 
compounds axerted an inhibitor^’’ action on the breakdown of hyaluromc 
acid by testis hyaluromdase, as detemuned turbidimetncally This action 
was manifested for the most part only when the compounds m question were 
combined with ascorbic acid, and onlj' when their concentration was rela- 
tively high (0 1 mg per cc ) Smce the original object of the mvestigation 
was its apphcation to the field of capillary fragdity, it was considered to be 
of importance to attempt an activation of the hyaluromdase-inhibitmg 
properties manifested b}’’ vitamin P compounds, without destroymg their 
vitamm P specificity 

Heparm has been found to cause a marked inhibition of hyaluromdase 
actmty at verj' low concentrations (2) This action depends on the sulfate 
groups present m the molecule, for it has been shown that when heparm is 
desulfonated it no longer functions as an inhibitor of hyaluromdase (2) 
Heparm has no 'vutamm P specificity, but these findmgs suggested that a 
potentiation of the action of vitamm P compounds m mhibitmg the break- 
down of hyaluromc acid bj^ hjmluromdase rmght be accomplished by the 
formation of suitable den\ atives 

Hespendm ■nas chosen as a representatn e ntamm P compound The 
demonstrated importance of the sulfate groups m heparm suggested the 
synthesis of a sulfonated h&spendm It has been shown that phosphate 
groups may potentiate the action of mlubitors on enajune sj stems (3), 
accordmgly a phosphorj lated hespendm n as sjmthesiaed Fmallj', hesper- 
idin was acetylated to form a representative orgamc denvative 

The methods employed for the sjmthesis of these compounds are pre- 
sented m detail below In each case the startmg matenal was hespendm 
i\hich had been punfied by treatment inth formanude 

EXPEREMENTAL 

Acelylaled Hespendm — ^35 gm of hespendm v ere suspended m 350 cc of 
glacial acetic acid A few cc of concentrated H ^04 were added slonlj' 
" ith stirrmg The mixture v as placed on the steam bath and heated with 
occasional stimng for about 20 mmutes At the end of this time a dark 
red solution formed This was allowed to cool to room temperature and 
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treated N\^th 5 volumes of water The piecipitatc which formed was filtered 
off after standing for several hours m the ice box and washed with water 

A yield of 20 gm of a dark yellow mateiial was obtained The substance 
was msoluble m water, and freely soluble in alcohol It was puiified by 
solution in 100 cc of alcohol, and reprecipitation by the addition of 10 
volumes of watei A few cc of acetic acid weie added to aid in the foima- 
tion of a precipitate The piecipitatc was filteied off and washed with 
Avater Yield, 11 gm , m p , 120° 

Analysis showed the mateiial to have an acetyl content of 13 2 per cent 
The calculated acetyl content for the diacctate of hesperidm is 12 1 pei 
cent, for the tiiacetate, 17 1 pei cent The mateiial is thus a mixture, 
with the diacetate piedominatmg 

Svifonatcd Hespendin {Na Salt) — ^To 40 gm of hespeiidm wcie added 
100 cc of H2SO4 slowly and with cooling A daik red solution foimed, 
which was pomed slowty and uith cooling into 600 cc of alcohol The 
solution was neutiahzed with satuiated NaOH, and the piecipilal ed Na2S04 
Avas filtered off The piecipitatc u'as u'ashed on the filter uitli alcohol and 
the Avashmgs added to the filtrate The combined solutions uere made 
alkaline Avith NaOH and poured into 500 cc of alcohol The oiange- 
coloied precipitate Avhich formed was filteied off, Avashed Avith alcohol, and 
dried 

Purification Avas accomplished by solution in a minimum A’olume of Avatei 
and reprecipitation with 5 volumes of alcohol Yield, 27 gm Tlie meltmg 
point was indeterminate, the compound decomposing gradually over a Ande 
tempeiature range 

Analysis shoAved a sulfur content of 6 3 pei cent The calculated con- 
tent foi the monosulfonated hespeiidin Na is 4 4 per cent, foi the disulfon- 
ated, 7 8 per cent The material is thus a mixtuie of the mono- and disul- 
fonates 

Phosphorylated Hespendin — 37 gm of hespeiidin u^eie suspended in 400 
cc of anhydious pyiidine 100 cc of POCb were added slowty, uith stii- 
ing Heat was ei^olved, and a daik broum solution foimed This A\as al- 
lowed to cool to loom tempeiature, and a bulky precipitate settled out 
AVater Avas added cautiously ivith cooling until there Avas no fuithei leaction 
and the piecipitate Avas dissolved The solution Avas filteied to lemove any 
msoluble particles and then pouied into 5 volumes of alcohol The precip- 
itate AAhich foimed Avas filteied off and aa ashed \Auth alcohol Puiification 
AAxas accomplished by solution m a minimum volume of watei and lepre- 
cipitation AAitli 5 volumes of alcohol Yield, 33 gm The meltmg point 
was indeterminate, the compound decomposing gradualty ovei a AAude tem- 
perature range 

Anabasis shoAved a phosphorous content of 14 5 per cent The calculated 
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content for the pentaphosphate is 15 7 per cent, for the tetraphosphate, 
13 7 per cent The matenal is thus a mixture of the penta- and tetra- 
phosphates of hesperidm 

Determinations of the effect of the vanous compounds on hyaluromdase 
actmty were made turbidimetncally by the method previously reported (1) 
The hyaluromdase used was prepared from bull testes by the method of 
Kass and Seastone (4) Hyaluromc acid was prepared from bovme \ntreous 
humor by the method of Seastone (5) 

In addition to the hespendin denvatives, determmations were made on 
suranun (germamn, Bajmr 205) and on salmme sulfate Combinations of 
salmme sulfate and both sulfonated and phosphorylated hespendm and 
ascorbic acid and aeetylated and sulfonated hespendm were tested 


Table I 

Inkihtlory Effect of Various Compounds on Hyaluromdase Action 


Substance I 

i 

1 Inhibition 

1000 7 per cc. 

100 7 per cc. 

10 7 per CC. 

I 7 per cc 


per cent 

per cent 

per cent 

per cent 

Hespendm 

0 

0 1 



Acetylated hespendm 


20 



Sulfonated “ 


85 

25 


Phosphorylated hespendm 


80 

65 

0 

Suramin 


85 

75 

15 

Salmme sulfate 

0 

0 




Results 

The sulfonated and phosphorylated hespendins proved to be extremely 
potent mhibitors of hyaluromdase Suramin was found to be even more 
effective, while salmme sulfate was without activity These results are pre- 
sented m Table I Results prenously obtamed ivith hespendm are in- 
cluded to promde a standard of comparison 
Salmme sulfate, while without effect on hyaluromdase, was found com- 
pletely to neutrahze the inhibition caused by both sulfonated and phos- 
phorjdated hespendm As may be seen from Table I, sulfonated hespendm 
at a concentration of 100 y per cc caused an mhibition of 85 per cent, 
phosphorjdated hespendm one of 80 per cent When either of these sub- 
stances was combmed with salmme sulfate, however, at a concentration of 
100 7 per cc , no inhibition at all was found 
It had prenously been reported (1) that, with both at concentrations of 
100 y per cc , hespendm caused a potentiation of 100 per cent in the inhib- 
itory action of ascorbic acid on hyaluromdase This was found to be the 
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case also with acetylated hespendm Because of the lai gc inhibition caused 
by sulfonated and phosphorylated hespendm at 100 7 pci cc , these could 
not be tested at this concentiation in combination with ascorbic acid Sul- 
fonated hespendm was tested at 10 7 per cc with ascoibic acid At this 
concentration no potentiation of the inhibitory effect of the ascorbic acid 
was found 


DISCUSSION 

The results obtained show that the fonnation of denvatives of hespendm 
can result m a great potentiation of its ability to inhibit the action of 
hyalin onidase on hyaluronic acid Hespei idm was 01 igmally chosen for the 
investigation as a lepresentative vitamin P compound, and it seems prob- 
able that the fonnation of similar denvatives of any member of the vitamin 
P group would lesult m the same potentiation 

It IS true that inhibition of hyaluronidase action has been demonstrated 
by many compounds which show no vitamin P activity in mvo The 
action of such substances on hyaluronidase in vitro, however, diffeis in one 
respect from that of the vitamin P compounds thej’’ cause no potentiation 
of the inhibitoiy effect on hyaluronidase of ascoibic acid It can therefore 
be postulated (on the basis of necessanl}’- incomplete studies) that the 
propel ty of potentiating the action of ascorbic acid on hyaliiromdase in 
vitro is a measure of vitamin P specificity 
If, as has been suggested (6), hyalui onidase plays a role “in accentuatmg 
capillary fragility” the impoitance of an effective inhibitor of hyalui onidase 
in the chnical treatment of this condition is manifest It would appear 
obvious, however, that such a substance must have a vitamin P specificity, 
heparin, for example, although an extiemely effective hyaluronidase inhi- 
bitor, would be useless m this connection because of the other physiological 
effects which it is Icnown to produce 
The importance of the derivatives of hespendm which have been sjmthe- 
sized and tested, then, lies in the fact that they exeit a very much more 
powerful inhibitory effect on hyaluronidase than do the vitamm P com- 
pounds themselves, wlule retaimng their vitamin P specificity, as evidenced 
m the case of the acetylated hespendm A moie specific evaluation of the 
utility of these compounds must of course await testing in mvo 

SUMMARY 

Three denvatives of hespendm have been synthesized These include 
acetylated hespendm, sulfonated hespendm, and phosphorylated hespen- 
dm 

All three have been shown to exeit a greater inhibitoiy effect on hyaluron- 
idase action than does hespendm itself In the case of the acetylated hes- 
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pendin, the same potentiation of the action of ascorbic acid as ■vras e^ndenced 
by hespendm has been demonstrated 
The inhibitory effect of the phosphoiylated hespendm and the sulfonated 
hespendm has been shown to be neutrahzed by salmme sulfate 
Suramin has been shown to be an effective inhibitor of hj^aluromdase 
action 
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THE ASSAY AND DISTRIBUTION OF COENZYAIE A* 

Br XATHAX 0 KAPLAIs axd FRITZ LIPMAIsN 

{From the Btochemtcal Research Laboratory, Massachusetts General Hospital, and the 
Department of Biological Chemistry, Harvard Medical School, Boston) 

(Recened for publication, Tanuar 3 29, 1948^ 

This IS the first paper m a senes dealing -with partial identification of 
coenzjTne A, a pantothenic acid denvative (1), and with the enz^nnatic 
reactions in which this coenzyme is mvolved These studies onginated 
with the observation that pigeon hver extract on autolysis lost the abihty 
to acetylate sulfamlamide (2) Such abihty, however, was regamed fuUy 
on addition of boiled extract of hver and of other organs This obseiw^ation 
characterized the enz 3 ’matic acetylation of aromatic ammes, with adenosme 
tnphosphate as a condensmg agent, as being due to an apoenzyme-coen- 
zyme system The ease with which coenzyme was destroyed by autolysis 
suggested a convement method of preparation of the apoenzyme which 
proved valuable for coenzyme evaluation In the present paper, the assay 
procedure will be descnbed The results of assa 3 's for coenzyme A m 
vanous matenals show a ubiqmtous distnbution of coenzyme A m hvmg 
cells 


Preparation oj Pigeon Liver Extract 

It has been mentioned m a previous pubhcation (2) that the most smtable 
extracts were obtamed from acetone powder An important advantage of 
the acetone powder extract over fresh extract is a low content m adenosme- 
tnphosphatase of the former For preparation of the acetone hver powder, 
pigeons are kdled bj’- decapitation and bled as completelj' as possible The 
hvers are qiuckly removed and chiUed until used The hi ers are weighed 
and a volume of chilled acetone, 20 times the weight m gm of the hvers, 
IS placed m a chilled Wanng mixer The hvers are now minced, transferred 
to the mixer, and homogemzed with the acetone for 2 mmutes The homo- 
genate IS rapidly filtered on a Buchner funnel and the residue is washed on 
the funnel mth acetone and ether, with care not to pack too tightlj' The 
ether should be checked for peroxide, the presence of which destroj s the 
enzyme preparation The homogemzation is earned out m the cold room 
When V ell chilled acetone and ether were used, it was not found necessary 
to carrj out the filtration under refngeration The powder is eventually 
dned m a vacuum desiccator o\er phosphorus pentoxide Connective 

* Supported b\ a grant from the Commonwealth Fund 
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tissue IS lemoved by passing tlie powdei through a sieve Fiom 15 to 20 
gm of pinkish powdei aie obtained fiom 100 gm of fiesh liver, coiies- 
ponding to ten to twelve pigeons 

We have obseived that the pink color is a helpful index for the activity 
of the prepaiation The piesence of undenatured hemoglobin gives this 
reddish tinge If, howevei , most of the hemoglobin is denatured, a brown 
ish acetone powdei lesults wluch mvaiiablv has poor activity We find 
that at least 15, and even bettei 20, volumes of acetone are necessary to 
give satisfactoiy piepaiations, and that the purity of the ether must also 
be controlled with gieat care 

Picpaiahon and Aging of Extracts 

The extract is prepaied by carefullj’’ nibbing up 10 gm of liver powdei 
with 100 ml of 0 02 u sodium bicarbonate solution The insoluble residue 
IS removed by centrifugation Between 60 and 75 ml of dark reddish, 
slightly opalescent fluid are obtained This has now to be kept frozen over- 
night in a deep freeze chamber For inactivation, the material is thaw'ed, 
brought to room tempeiature, and allow'ed to stand foi 4 hours This 
produces 95 to 100 per cent inactivation After aging, the extract is recen- 
trifuged, and the insoluble mateiial discarded The aged extract can be 
kept indefinitely by deep freezing 

It is impoitant to fieeze the extracts befoie aging, as fieezing precipitates 
a large amount of adenosinetriphosphatase Recentiifugation should be 
earned out after agmg oi else the prepaiation loses much of its activity 
For example, a pigeon hvei extiact, which was centrifuged first and then 
aged, acetylated 16 0 7 of sulfanilamide, Avhile a comparable extiact, when 
first aged and then centrifuged, acetylated 44 2 7 of sulfanilamide per ml 
The aged recentrifuged extract should be a 1 eddish, w’^ater-clear solution 

The late of bieakdown of coenzyme A m the extract is showm in Table I 
In the earhei expeiiments, inactivation was carried out by allowung the 
extiact to stand overnight at 5-8° (2) Table I show's that a more complete 
inactivation is obtained by autolysis foi 4 houis at room temperature The 
enzyme mainly lesponsible foi the inactivation is unstable and its activitj’ 
deci eases during incubation at room temperature to a small fraction of the 
original This circumstance is of advantage foi the use of the extract in 
the assay of coenzyme A 


Assay Procedure 

If aged extiact is supplied with sulfanilamide, acetate, and adenosine 
triphosphate and cysteine and citrate are added as stabilizers, the rate of 
acetylation becomes exclusively a function of the concentration of coenzyme 
A C 3 'steme reactivates and stabihzes the acetylation enzyme In oui 
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expenence, citrate exerts its influence largely, if not exclusively, by sup- 
pressing residual adenosmetnpbosphatase activity through the deionization 
p{ calcium, m further puiifled preparations, the stimulatoiy effect of citrate 
disappears together with adenosmetnpbosphatase activity 
For the routine assaj" of coenzyme A, it is convement to combme most 
of the reagents mto the followmg reaction muxture 10 ml of 0 004 ji sulfa- 
nilamide, 2 5 ml of Ar sodium acetate, 8 0 ml of approximately 0 05 ai potas- 
sium adenosme tnphosphate, 10 ml of 0 2 m sodium citrate 
The pH of the mixture should be around 7 Larger samples are divided 
mto small portions of 4 to 5 ml , which are kept frozen until used Tubes 
of 1 to 1 3 cm m diameter are used for the assay It is advisable not to 
increase imduly the proportion of surface to volume m order to reduce the 

Table I 


Breal down of Coenzyme tn Inver Exlracl 


Incubation tune 

' Per cent decomposition 

1 

25 * 

4 ® 

hrs 



1 

o5 

1 

2 i 

78 

24 

3 

95 


4 

100 

41 

8 


1 76 

16 


1 SO 

24 

i 

j 85 


oxidation of cysteine during the experiment Under the conditions de- 
senbed above, no difference was found when air was replaced by mtrogen 
To each tube there are added (1) the solution to be tested for coenzjune 
activity (this volume should not exceed 0 3 ml ), (2) 0 3 ml of the assay 
reaction mixture, (3) 0 08 ml of a freshly prepared m sodium bicarbonate 
solution, (4) 0 1 ml of 0 1 si cj'-steine hj'-drochlonde, (5) 0 25 ml of the aged 
enzjTne, (6) w^ater to volume A blank is prepared by addmg aU the con- 
stituents except coenzyme The tubes are stoppered, mixed, and meubated 
for 2 hours maw ater bath of 37° The reaction is halted bj' addmg 4 ml 
of 5 per cent tnchloroacetic acid After centrifugation, aliquots of 1 ml 
are taken for sulfamlamide determinations, earned out by the procedure 
of Bratton and hlarshall (3) Readmgs were made on a IQett photoelectnc 
colorimeter, with Filter 54 The difference m sulfamlamide betw-een the 
blank and the tubes containmg coenzjme represents the amount of sulfa- 
nilamide acetylated 



40 


COENZYME A 


Concentration- Activity Curve and Coenzyme A Unit 

In Fig 1 there is presented the response of aged en 2 yme to inci eased 
amounts of coenzyme A With the same enzyme pi epai ation data are com- 
pared for crude, boiled liver extract and for highly purified coenzyme 
The concentration-activity curves foi these two pieparations of coenzyme 
overlap almost exactly, which shows an independence of relative activity 
of the degree of purity At medium concentrations, the cun'e is nearly a 
straight line, and it appealed logical to choose the point of half reaction as 
the umt Such an amount, thciefoie, as will activate our system to half the 
maximum activity is defined as 1 unit of coenzyme A The unit is largely 
independent of the individual enz)TOe prepai ation, even if the absolute 
amounts of acetylated sulfanilamide may vaiy The coenzyme A unit 
contains 07 y of bound pantothenic acid and is independent of the purity of 
the preparation (1) 

It may be obsen'^ed that, after reaching near saturation, the curve still 
tends to chmb very slowly Such small mci eases are disregaided in our 
defimtion of the umt of coenzyme A, a practical saturation pomt bemg fixed 
at 3 to 4 umts 

At coenzyme A saturation, a good enzyme pieparation will acetylate 75 
to 85 per cent of the added sulfanilamide Best readings are therefore 
obtained’in the region of the curve where approximately 40 per cent of the 
sulfanilamide disappears durmg incubation Extracts which show con- 
siderably less acetylation should be discarded In some cases, a weak 
extract may be improved by addition of an exdra 0 1 ml of 0 1 m cysteme 

Standard Coenzyme 

A potent coenzyme solution is prepai ed by quickly boiling fresh minced 
pigeon, rat, or labbit liver with 3 volumes of vater To make a dij’’ piep- 
aration of coenzione A, this solution is bi ought to pH 2 with h 5 ''drochloric 
acid and then is precipitated with 10 volumes of acetone, the precipitate 
IS washed with acetone and ethei and diied Tins pi epai ation is hygio- 
scopic and deteiioiates on wetting When kept in a desiccator, howevei, 
m a cool place, it is veij'’ stable Such ciude coenzyme A prepai ations 
contain 0 25 to 0 5 unit pei mg of diy matter This piepaiationis used as 
the lefeience coenz 3 Tne With it, an actmty-concenti ation curve (Fig 1) 
IS piepared, and the amount coiiespondmg to the unit is noted 

For evaluation of unlcnown samples, we test at two levels, shghtly belov 
and above the unit point respectively^, and take the average In each assays 
run ai e included the unit and the saturation pomts with the reference coen- 
zyune The readmg for the test sample, if not too far removed from the 
unit pomt, IS divided by^ the leadmg for the unit of the reference coenzyme. 



N O KAPLVN AND F LIPMA^Ts 


41 


This yields directly the numbei of units contained m the unkn own A 
someishat more accurate, although a moie labonous, method of standardi- 
zation IS to prepare a curve with reference coenzyme for every batch of 
extract over a wider range of concentrations From this standard curve, 
the coenzyme content of the test sample may be read directly A new curve 
has to be prepared for every new extract, even if it is made from the same 
batch of acetone poi\ der In deep freezmg, however, the extract does not 
change 



Fig 1 Concentration-activitj curves for coenzyme A preparations of different 
purity The arrow indicates the point of 1 unit on the curve Ordinate scale, sul- 
fanilamide acetylated O, crude coenzyme, 0 25 unit per mg , X, purified coenzjTnc, 
130 units per mg 


Coenzyme A Content of Animal Tissves, Microorganisms, and 
Plant Materials 

Prehmmary data on the distnbution of coenzynne A v ere pubhshed pre- 
viously (2, 4) Some further data on the distnbution of the activator of 
chohne acetylation m bram, which is identical with coenzyme A (5), vere 
reported by"- Feldberg and Mann (6) and Nachmansohn and Berman (7) 

For the assay of coenzyme A in tissues, animals are killed by decapitation 
and the organs quickly removed and chilled The organs are minced or 
homogenized with the appropnate volumes of watei and rapidly^ boiled 
The boiled extracts are then centrifuged or filtered and assayed for the 
coenzyme 

In this piocedure, httle or no coenzymie is lost by autolysis This was 
checked by microbiological determmation of free and coenzynne A-bound* 

‘ Novell], G D , Kaplan, N 0 , and I ipmnnn, F , in preparation 
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pantothenic acid Little oi no free pantothenic acid was found in fresh 
tissues Theiefoie, most oi all of the pantotlienic acid is bound m coen- 
z 3 Tne A Detailed data on this point will be icpoitcd subsequently 
Table II shows that consideiable amounts of cocnz 3 '’me A aie piesent m 
all paiench 3 Tnatous oigans The highest amounts are found in liver, as 
appeals to be the geneial rale foi all coenzymes Livei seems to act to 
some extent as a stoiage oigan It was obseived that the content of coen- 
Z 3 rme A m hvei fluctuates moie with vaiiation of pantothenic acid intake 
than does the content of other oigans 

It IS notewoithy that the organ neaicst to the liver in cocnz 3 mie A con- 

Taiuu II 


Coenzyme A in Animal Tihsncs 

All values are given in units of coenzyme A per gm of fresh tissue 



' Humnn 

Rabbit 

Rat 

Pigeon 

Liver 


112 

132 

105 

Adrenal 


G5 

01 


“ demedullated* 



70 


Kidnej 


50 

74 


Brain 


40 (Cor1c\) 

2S 

40 

Heart 


26 

42 

45 

Testes 


26 



Intestine 

1 

1 


26 


Thymus 

1 


20 


Skeletal muscle 


6 



Blood plasma 

0 


1 


Red blood cells 

3-4 





* We uish to thank Dr H W Deane and Dr R O Greep for the demedullated 
glands 


tent IS the adrenal gland hlost of the coenzyme A must be present in the 
coitex, since demedullated adienals show essentially the same amounts as 
do the uhole adrenals It is temjiting to see a relationship between this 
high content in coenz 3 Tne A and the adienal coitex degeneiation in panto- 
thenic acid deficienc 3 ’' (8) A possible lole of coenz 3 Tne A m the manu- 
factuie of coitical hoimone may be suggested by its function in acetate 
metabolism (9, 10) Acetate has been leported as being a building stone 
of substances of steroid stiucture (11) 

In Table II data on human blood are included Coenzyme A was found 
absent in plasma, but led blood cells contained relatively laige amounts, 
3 to 4 units per ml , which coriesponds to approximately 2 y of pantothenic 
acid Values of 0 2 to 0 4 y pei ml (12), reported for pantothenic acid in 
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blood cells, therefore appear too low, owing probably to an incomplete 
recovery of pantothenic acid from coenz 3 Tne A 
Among the data on coenzyme A content m microorganisms, there is 
mcluded a considerable number of values which were obtained vith dry 
preparations, some of vhich had been stored for some time These prep- 
arations were obtained by chymg the organisms m a thm layer over phos- 

Table III 


Coenzyme A in Microorganisms* 


Microorganism 

' Coen 2 ynie A 
per gm dry 
weight 

Preparation used for assaj 

Proteus morganii 

umis 

572 

hVeshly grown organism, 

Lactobacillus arabinosus 

150 

boiled 

" delhruecl ii 

40 j 

Dry preparation, sus- 

Traj -dried yeast 

72 

pended in water and 

<C << 

41 

boiled 

Escherichia call 

320 


Propionic acid bacteria 

330 


Clostridium butylicum (dried extract) 

2000 



*We Bish to thank Mr G D Nocelli for collaboration m these e\penments 


Table IV 

Coenzyme A in Plant Material 



CocnzjTne A per gm fresh 
weight 

Spinach 

units 

0 74 

Tomato 

1 3 

Frozen peas 

4 5 

Wheat germ (commercial sample) 

30 

Kojal jelly (bee)* 

0 

* Kindly supplied by Dr Thomas S Gardner 



phorus pentoxide, dunng which some autolysis may have occurred The 
data obtamed with these matenals are to be considered minimum ^ alues 
The figures m Table III show a considerable vanation m coenzjune content 
in various microorganisms The highest content so far obsen^ed m nature, 
2000 umts per gm of dry matter, was found m Chslndiiim bitlyhcum ex- 
tract prepared accordmg to the method of Koepsell and J ohnson (13) This 
observation, together with the observed role of coenzyme A m acetate meta- 
bolism (9), seems to suggest a function of coenzyme A in the condensation 
of 2 carbon residues to 4 carbon chains 
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Comparison of the data foi coenzyme A m microorganisms and tissues 
shows that the coenzyme appeals to be present in similai concentiations in 
both groups It is to be observed that the data foi animal tissues are given 
foi fresh weight and are to be multiplied by a factor of 4 foi such compari- 
sons The content in plant material is generally lowei Peas, however, 
contam considerable amounts, and a high content was found m a commer- 
cial wheat germ pieparation The royal jelly of the bee was tested because 
of its unusually higli content of pantothenic acid (14) but no coenzyme A 
was found See Table IV 

In geneial, the ubiquitous presence of coenzjmie A m living cells soon 
suggested a moie important function foi it than merelj’" that in the acetyla- 
tion system m which its activity was first obsei imd Recent observations 
tend to amplify this early suggestion (9, 10) 

SUMMAm 

A method is desciibed for the assay of the pantothenic acid derivative, 
coenzyme A Pigeon hver extract which iindeigocs autolysis loses its 
ability to acetylate sulfanilamide The acetylating activity is lecoveied 
by addition of coenzyme A At medium concentration, reactivation is 
proportional to coenzyme A concentiation 
A unit of coenzyme A is defined as that amount which leactivates our 
system to half the maximum activity 

Data are presented on the coenzyme A content of animal tissues, micio- 
oiganisms, and plants It was found to be a geneial constituent of living 
organisms The highest values were observed vith liver, Closlndinm 
buiyhcum, and Proteus morgami 
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A I^IETHOD FOR COMPUTING THE EFFECTRrE EXTRANEOUS 
REDUCERS IN THE FOLIN SPECTROPHOTOMETRIC 
DETERMINATION OF CYSTINE* 

By HERBERT M WINEGARD and GERRIT TOENNIES 

(From Ihe Lanl enau Hospital Research Institute and The Institute for Cancer 

Research, Philadelphia) 

(Received for publication, January 19, 1948) 

The basic Folin method ( 1 ) for the determmation of cysteme and C3^stme 
IS dependent upon the blue color resultmg from the reduction of phospho- 
IS-tungstic acid bj’- the sulfhydrjd group of cj'steme For the determma- 
tion of c}^stine, one-half of its molecule is converted to cysteine bj"^ cleavage 
with sulfite ( 2 ) Under the conditions of sulfite treatment, the color due 
to C3'steme itself is doubled The color reaction is comphcated, howevei, 
by the fact that the phosphotungstic acid reagent is reduced not only by 
cysteme but also to a certain extent b3’- so called “extraneous reducers ” 
Lugg found ( 3 ) that the action of leducers other than C3"steine ma3’^ be in- 
creased b3' sulfite and proposed mercaptide formation of C3"steine with 
mercunc chlonde as a means of isolatmg the non-cysteine color, only to 
discoier that the reducmg effect of the extraneous reducers is enhanced 
when C3'steine is thus ehmmated He overcame this difficultv b3’- addmg 
to the meicunc chlonde blank a knowm amount of ferrous ion in ciuantit3 
approximatel3'^ equualent to the amount of C3'stme present Ferrous ion 
reduces phosphotungstic acid quantitativel3', and b3' subtracting its con- 
tnbution from the total coloi Lugg obtamed the coloi ^alue of tbe 
extraneous leducers as it appeare m the presence of the laige amount of 
reduced phosphotungstate Ka^sell and Brand ( 4 ), m de\ elopmg a modifi- 
cation of the Lugg method for use w ith the Pulfnch photometer, also recog- 
nized the fact that the direct mercunc chlonde blank is too large The3 
replaced the feiTOus ion method of Lugg b3’- a scheme in w'hich two mercmnc 
chlonde blanks w ere used, one wuth and one w ithout sulfite B3^ ai eiagmg 
the resulting two i allies, the3" empiiicall3’- aimed at what thei considered 
to be approxunatel3 conect results 

In connection wuth an mvestigation of the sulfur bal mce of a numlier of 
proteins, the Kassell and Brand method has been adapted for use w ith the 
Coleman model 11 spectrophotometer With their method for computmg 
the blank value, inconsistencies were encountered in results obtained on 

* Aided bj a grant from the McNeil Laboratories, Inc , Philadelphia Reported 
in part before the Division of Biological Chemistn of the American Chemical Societj 
at Atlantic Citj , April, 1947 
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HCl-HCOOH hydrolysates of pioteins, and generally on proteins contain- 
ing substantial am'ounts of nucleic acid These difficulties manifested 
themselves m cystme values varying with the amount of hydiolysate taken 
foi analysis It became necessaiy, therefoie, to evaluate the blank values 
more critically by compaimg them with those obtained by the ferrous ion 
method, which appears to be the most reliable if not the most convenient 
method of collection 

The results have levealed ceitam systematic relations between total re- 
dueeis, appaient extraneous leduceis, and tiue extianeous reducers winch 
can be described by a nomogiaph It appears that, wuthm the range of 
materials studied, application of the nomograph permits a simpler evalua- 
tion of the blank than w’^as heietofoie possible In addition, data have 
been obtained pertaining to the i elation between method of hj’’diolysis and 
maximum cystme values 


EXPERIMENTAL 

Pi oleins Used — Commeicial egg w'hite (egg albumin, Meick, impalpable 
pow'dei, soluble), bovine plasma albumin (Aimoiu Laboi atones, Chicago), 
Tissue Piotem TP3SM (a representative mixture of all the protein fractions 
obtained in this laboi atoiy from a human lymphosaicoma), edestin (Hoff- 
mann-La Roche), lactalbumm (Labco 7-HAAX),^ i educed lactalburain 
(lactalbumm reduced by thioglycolate),^ and casein (Labco) ^ 

Hydrolysis — At the outset of the investigation, a series of h 3 ’’drolysis 
expel iments was run m older to establish optimum conditions for obtain- 
ing leproducible and constant values for ej'^stme m proteins Diied egg 
white w'as used as the tiial piotein Hydrolyses were earned out in a 
sealed tube m a piessure cookei kept at 120° in a constant tempera tuie oven 
The liydiolj^ic media used weie 3 n HCI, 3 n HCl in vacuo, and all 
mixtuie of 98 per cent formic acid and 6 n HCI in vacuo (a modification of 
the method of Miller and du Vigneaud (6)) Samples consisted of approx- 
imately 200 mg of piotein and 2 cc of acid 
As shown in Fig 1, the HCl-HCOOH medium yielded the best results 
Othei pioteins hydrolyzed bj'’ this method behaved similarly A piotein 
fi action deiived from a tumor nucleopiotein prepaiation juelded 0 85, 0 85, 
and 0 82 pei cent cystine at 8, 16, and 24 houis, lespectively, and bovine 
plasma albumin gave identical values of 6 02 per cent cystme at 6 and 16 
houis The method, therefore, permits of wide latitude in the time of 
hydrolj^sis^ Kassell and Brand (7) did not recommend HCl-HCOOH as 

' We are indebted to Dr E Brand for the samples of casein, lactalbumm, and re- 
duced lactalbumm used m these analyses Their description, method of preparation, 
and cystme and cysteine content were reported bj" Kassell, Cahill, and Brand (5) 

- Similar e\periments on methionine recovery showed that the HCl-HCOOH 
method, nhile satisfactory for hydrolyzing egg white, did not prevent losses of 
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a hjdrolytic medium because they considered it necessary to remove the 
formic acid before analysis We ha\ e found that tmder our conditions the 
analysis is not affected by the presence of formic acid and, m addition, that 
its removal bj* evaporation of the hydrolysate resulted m decreased C 3 stme 
values (4 per cent and 7 per cent m two cases j Therefore, the anahses 
were, as a rule, earned out v ithout remoi al of formic acid In one <enes of 
determinations on the tissue protem (Sample SEN, Table II), the hj^droh sate 
was evaporated m a desiccator m order to studj' the effect of the remoi al 
of \ olatile substances on the blank value In order to obtain a vanetv of 



Fig 1 Eate of cjstme loss in egg white in different hjdrolytic media O, 3 n 
Hqi, 120°, □, 3 ^ HCl, 120°, in vacuo. A, 3 n HCI-50 per cent HCOOH, 120°, in vacuo 
The slightly low er mavunum value for this last curv e is due to the remo\ al of HCOOH 
hj evaporation, which was later found to cause small losses in cjstine content 

blank conditions, a senes of determmations was also mcluded on a ht dro- 
chlonc acid hydrolysate of egg white 
Decolorizahon — ^While the use of a spectrophotometer ordmanh makes 
the removal of soluble humins unnecessarj, it vas found that at the pH 
of the anal} sis precipitating humins often caused turbidities Unless 
otherwise noted, the bydroljsates were therefore adjusted to pH 4 5 to 
1 8 and, after 20 mmutes, filtered A later check on this method show ed 
that under these conditions anj>- cj'steme present undergoes rapid ondation 
to cj stme, so that onlj’’ the sum of cj^stme and cysteme is bemg measured 

methionine after 8 hours of hvdroKsis in the case of a protein fraction den\ed from 
a tissue nucleoprotein It is endent that the conditions of hj droh sis must be care- 
fully investigated for the particular amino acid and protein being analysed 
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In the case of casein, the lactalbumms, and edestin, listed in Table II, the 
hydiob’-sates Meie not decoloiized oi neutiahzed pie\ lous to coloi deieloji 
ment and aii}'^ lesulting tuibidities weic leinoved by filtiation thiougli a 
sinteied glass filtei ■* 

Analytical ilelhod — The icagents and geneial jiioceduie aie those of 
Kassell and Biand (4) The vai ions leaction mixlnios used me sumina- 
iized m Table I The hnal volume in each c.ise was 25 cc Headings 
weie made in 1 31 cm squaie cincttes at a mean wa^c-length of 720 m/i 
Spectiophotomcliic \ allies aie lepoitod in ojilical density uiiils equivalent 


Tahii I 

Composilion of Ucaclton Mixluus 


Kassell and Brand I c*'’ mclliod (I upg)* 



Solu 

Solu 

Solu 

Solu 

' Solu 

Solu 

Solu 

Solu 

_ j 

tion A 

tion B 

tion D 

tion r 

i lion I 

tion C 

lion II 

tion I 

1 

cc 

cc 

CC 

cc 

1 1 
; CC 

cc 

CC 

CC 

Buffer, pH 5 7 j 

2 5 

2 5 

2 5 ! 

1 2 5 

j 2 5 j 

2 5 

2 5 

2 5 

HgCb, 0 25 M i 

I 0 

1 0 1 

0 1 

1 0 

'01 

1 0 ] 

i 0 1 

i 01 

11=0 


To make icaction volume of 8 cc 


Hydiob sate 

1 1 

1 

, 1 

i 0 

; ] 

' 0 

1 1 

1 0 

NaOH 

' t 

i t 

1 t 

0 

. t 

' 0 

' t 

1 0 

Phosphotungstic acid 

! 0 5 

1 0 5 

0 5 

0 5 

1 0 5 

1 0 5 

0 5 

0 5 

Buffeted sulfite 

0 25 

0 25 

0 

0 

, 0 25 

1 0 ! 

0 25 

0 

Fe(NHA=(SOA- ' 

0 

' 0 

0 

! 0 

' t 

i t 

1 

§ 


* The use of two levels of feirous ion concentration in the blanks, followed bj 
interpolation between them, is our refinement of the original Liigg method 

t Sufficient N lOH to neutialire the aciditj of the aliquot of the hjdrohsato, 
as determined bv pievious titiation to the methyl red cnd-poiut 
fTo jicld an amount of coloi approximatel}" half that of solution V 
^ To McUl an imount of coloi approximateU equal to th it of solution A 

to 1000 X log lo/I, wheie /o is the intensity of tlie incident liglit and / 
that of the tiansmitted light The photometei blank consists of buffei 
plus phosphotungstic acid (solution E') It is oui expeiience that the 
phosphotungstic acid leageut contiibutes an appieciable amount of light 
absoiption to the solution tested, coi responding to about 10 optical density 
units While in the actual deteimmation this collection cancels out by 
subti action of the blank, it is impoitant m the piepaiation of the calibia- 
tion cuive Unless leadings aie made against a phosphotungstic acid 
photometei blank, the latio of coloi to cystine concentiation will inaikedly 
inciease at low concentiations because of the contiibution of the leagent 

^ It lb OUI cxpeiionce that filter paper selectively adsoibs the blue reduced phob- 
photungbtic acid 
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color, i e , one does not obtam a constant molar extinction coefficient The 
molar extinction coefficient for cj'steine-rediiced phosphotungstic acid at 
720 m /1 was found to be 6910 ± 20 os er a range of 5 05 X 10~* to 26 0 X 
10~* msr of cj'stine per 25 cc of final solution 
In solution A there is developed the total color of cj^stme and of the 



Fig 2 Optical densities of the total color A (A), obsersed blank B (□), and 
blank B' corrected bj the ferrous method of Lugg (O) I, bovine plasma albu- 
min, //, egg vhite, III, Tissue Protein TP3SM, Sample SEX, IV, Tissue Protein 
TP3SM, Sample 4N (see foot-note to Table II) 

extraneous reducers, solution B gixes the extraneous reducers MUth sulfite, 
and solution D shon s the color caused by the extraneous reducers without 
Milfite Bx avei iging the tvo blanLs, B and D, Ixassell and Brand obtain 
their coirection foi extianeous reducers In solutions F and H, cysteine, 
inactuatcd bv mercuric chloride, is replaced bx ferrous ion, in accordance 
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with Lugg’s pioceduie The amounts of ferrous ion used m solutions F 
and H roi respond respective!}'’ to approximalely one-half and all of the 
color of solution A At each level a concurrent determination on the same 
amount of feiious ion solution Mithout an}'' hydrolysate is run (solutions 
G and I) The diffei ences between F and G and between II and I represent 



Fig 3 Kclation of blank B' (HgCb, SOs”, and Fe"^) to blank B (HgCb, SOj") 
at different levels of total optical densitj' •, bovine plasma albumin, O, egg 
white, Tissue Protein TP3SM, Sample SEN, □, Tissue Protein TP3SM, Sam- 
ple 4K The bioken line is the locus of the optical densities of all solutions in 
tv Inch cjstiiic and cysteine are absent and in which B' (corrected blank) is equal 
to the determined blank, solution B, and both are equal to the color of solution A 


the colois coiiespondmg to the exttaneous reduccis at the total optical 
densities ot solutions F and H, lespectively Fiom the resulting blanks at 
these tvo levels, it is a matter of interpolation to calculate the optical den- 
sitv of the extianeous reducers in the presence of the color obtained in 
solution A of the determination This corrected blank is lefeired to as 
B' hereaftei The difference between the color values A and B' is the opti- 
cal density due to the total cystine present 
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Results 

The first proteins studied were egg white, bo\ane plasma albumm, and 
two tissue piotem samples Analyses were run on 1, 2, and 4 cc ahquots 
of the hydrolysates The resultmg optical densities corresponding to A, 
B, and B' are "showD in Fig 2 It is notable m the=e graphs that m each 
case the values of A, B, and B' comcide, wnthm the limits of error, at zero 
amount of hydrolysate, indicating that the coloi contnbuted by the sulfite 



Fig 4 Xomograph for determining the adjusted blank \alue B' from the deter 
mined values of total color (solution A) and mercuric chloride blank (solution B) 

IS independent of the added mercunc chlonde and therefore cancels out in 
the final calculation Howev ei , the graph also shows that, for reasons not 
apparent, the magnitude of this sulfite color differs for different h\droly- 
sates 

The decreasing slope of the corrected B' curves wnth increase of total 
tolor in solution A ■niggests i suppressing action of the reduced phospho- 
tungstate on the reaction of the extraneous reducer^ This tendencj , 
evndent m all the proteins tested, presented the possibility that a general 
relationship exists between the corrected blank values fB') and the dc- 
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Table II 


Cystine Values Obtained by Three Methods for Computing Blank 


Protein* 

Hydrolytic 

treatmentf 

Aliquots 

analyzed 

CysUnc content found (range and oieragc) 
according to 

Lugg (Pc) 

Nomograph 

1 KasscU and 
Brand 



cc 

/ler cent 

per cent 

per cent 

Bovine plasma al- 

(«) 

1,2,4 

5 SO-5 94 

5 80-5 89 

' 5 50-5 72 

bumm 



5 85 

5 85 

' 5 63 

Egg white N 

(b) 

1,2,4 

2 26-2 43 

2 28-2 43 

2 21-2 30 




2 36 

2 35 

2 28 

Tissue Piotein 

(a) 

1,2,4 

1 25-1 30 

1 22-1 28 

1 24-1 25 

TP3SM, Sample 



1 28 

1 26 

1 25 

SEN 






Tissue Protein 

<i 

1, 2, 4 

1 34-1 43 

1 40-1 46 

1 1 41-1 55 

TP3SM, Sample 



1 40 

1 43 

1 47 

4N 






Tissue Protein 

(i 

1,2, 3,4 


1 38-1 49 

1 37-1 GO 

TP3SM, Sample 




1 45 

1 48 

IN 






Tissue Piotein 

U 

3,4 


1 36-1 36 

1 31-1 33 

TP3SM, Sample 




1 36 

1 32 

2EN 

I 





Tissue Protein 

1 1 

' 1,2, 3,4 

i 

1 27-1 39 

' 1 30-1 38 

TP3SM, Sample 




1 34 

1 33 

SEN 


i 




Tissue Protein 

( ( 

1,2,4 


1 36-1 38 

1 35-1 38 

TP3SM, Sample 




1 38 

1 37 

4EN 






Casein N 

(c) 


0 321 

0 328 

0 328 

Lactalbumin 

(a), 8 hrs 


3 00 

2 99 

2 99 


“ 16 “ 


2 94 

2 92 

2 89 

Reduced lactal- 

“ 8 “ 


2 55 

2 57 

2 58 

buminf 

“ 16 " 


2 54 


2 54 

Edestin 

“ 8 “ 


1 18 

1 IS 

1 16 


“ 16 " 


1 21 


1 18 








* The sj^mbol E indicates removal of the formic acid after hydrol 5 ^sis by evap- 
oration, while N indicates neutralization of the hydrolj^sate (pH 4 5), followed by 
filtration of the precipitated huniins before analysis 

t (a), 3 N HCl-50 per cent HCOOH, sealed tube in vacuo, 120°, 8 hours and, for 
the last three piotems, also 16 hours, (6), concentrated HCl, steam bath for 18 hours, 
boiled under a reflux for 8 hours, (c), 3 N HCl, sealed tube in vacuo, 120° for 8 hours 
The cysteine content of the reduced lactalbuniin was found to be 0 IS and 0 13 
per cent after 8 and 16 hours of hydrolysis, lespectively Di E Brand’s own de- 
termination gave 0 53 per cent C 3 ’’stine and 2 6 per cent cysteine The cysteine 
determinations vere repeated tuice, in these cases hj’'drolyzing for 8 hours and 
analyzing within 30 minutes, without significant change in the results We con- 
clude that the thioglj’-colate-reduced lactalbumin has undergone extensive reoxida- 
tion during storage (about 10 3 'ears) 
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termmed A and B values To explore this possibility, the data obtained 
mth the different protein h} drol 3 'sates were combined into one graph bj 
selectmg the total optical density levels (detemunation of solution A) of 
100, 200, 400, 600, and 700 and for each of these levels correlatmg all % alues 
of solution B mth the correspondmg B' values This resulted m the graph 
shown m Fig 3 The similarl}’- designated points represent each of the 
protems and the cun es connecting the pomts correspond to constant total 
optical density lei els of solution A 

The plotted data from these four hj drol 3 'sates seem to confirm a func- 
tional relationship Besides aecountmg for the experimental points, the 3 
also adequatety cover the limitmg conditions of (a) a cystme-fiee h 3 drol 3 - 
sate and (6) a pure C 3 ''stme solution In both of these cases the B and B' 
blanks are equal and m case (b) amount to zero Fig 4 shows a nomograph 
which IS constructed from the ideal values of Fig 3 TFithm the ranges 
cos ered, Fig 4 permits direct readmg of the B' value correspondmg to an 3 ' 
combination of expenmentall 3 ’- foimd values for solutions A and B b 3 ^ 
piojectmg a hne connectmg the pomts correspondmg to solutions A and B 
on the two honzontal Imes to the curved scale of B' values 

With the aid of this nomograph, results obtamed on a number of h 3 droty- 
sates m addition to the ones constitutmg the basis for the nomograph were 
calculated In Table II are shown the values obtamed on each h 3 ’-drol 3 ’sate 
by the method of ICassell and Brand or by the nomograph method, and m 
most cases also those obtamed by the Lugg ferrous procedure 

On the whole, it seems that there is httle difference m the results obtamed 
by the vanous methods for calculatmg the blank However, some varia- 
tion may be noted m the case of h 3 "drolysates with high blank values, such 
as the tissue protem. Samples 4N and IN, and also m those with ver 3 ’' low 
blanks, such as the bonne plasma albumm The former protems yield 
fugh results, while the latter tend to be low with the Kassell and Brand 
method, as compared with that of Lugg It is only by usmg the higher 
values obtamed with the nomograph on bonne plasma albumm that all of 
the sulfur could be accounted for as C3r5tme and methionme 

DISCUSSION 

■ks has been demonstrated by others, reduced phosphotungstic acid has a 
pronounced effect on the development of color b 3 ' extraneous reducers 
Tlie mechanism may be either a shift m the equihbnum or a slowmg of the 
rate of reaction of these reducers with phosphotungstic acid In either 
case, inhibition is definite and the apphcation of the mercunc chloride 
blank alone fails to yield correct results This inhibition is a function of 
both the total color produced by the cysteme and cystine and the amount of 
extraneous reducers present The sy'stematic relationship between these 
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vaimbles, as evliibited by Figs 3 and 4, seems to be piaclically independent 
of the natme of the protem hydiolysate Because of tins lelationship a 
convenient nomographic pioceduic ma 3 ’- be substituted for the reliable and 
theoietically well founded Lugg method AVliile the empirical corrections 
of Kassell and Biand jueld, in geneial, lesults as good as those obtained 
with the Lugg method, they fail when they aie applied in the evtieme con- 
ditions of very high blanks, such as was shown in the tissue pi otein, Samples 
4N and IN, and those with veij'’ low blanlcs, as in the case of bovine plasma 
albumin Undei these conditions, the spiead of \ allies obtained by analyz 
mg vaiying amounts of hj^di Ob’-safe is deci eased by applj'-ing cither the 
Lugg or the nomograph method 


SUMMARY 

1 The Folm method for the deteimination of cystine, as modified by 
Kassell and Biand, has been investigated with the aim of obtaining a more 
reliable estimation of the collection due to evtianeous leducers 

2 Methods of hydrolysis aie desciibed which yield neailj’- constant maxi- 
mum values foi total cystine m piotems 

3 In HCl-HCOOH hj^diolysates, evapoiation of the h 3 ’-drolysate in 
ordei to remove formic acid causes loss of c^’-stme The presence of 
formic acid, on the other hand, does not affect the analytical method 
itself 

4 When the absorption is measuied with the Coleman spectrophoto- 
metei at a wave-length of 720 rnyu, the phosphotungstic acid piesent in the 
solution mcreases the amount of absoiption appreciably Phosphotungstic 
acid, therefoie, must be included m the photometer blank m piepaiing a 
calibration cuive The molar extinction coefficient for cysteme-i educed 
phosphotungstic acid was found to be 6910 ± 20 at this wave-length 

5 The degree to which extianeous leduceis leact with phosphotungstic 
acid IS a positive function of then concentiation and a negative function 
of the total concentiation of i educed phosphotungstic acid This relation 
appeals to be independent of the specific natuie of different types of protein 
hydrolysates and can be adequately desciibed by a nomograph m nhich 
total color and color obtained when C 3 fsteme is inactivated b 3 ’- mei curie 
chloride aie the only variables 

6 The lelationship desciibed in terms of the nomogiaph gives as good a 
basis for the estimation of the coriected blank as Lugg’s ferious ion substi- 
tution method or Kassell and Biand’s scheme of using the mean value of 
the mercuiic chloride blanlcs obtained m the presence and absence of sul- 
fite 
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COUNTER-CURRENT DISTRIBUTION STUDIES ON 
STREPTOAIYCIN THE TAUTOIVIERISI\I 
OF STREPTOAIYCIN 

By ELWOOD TITUS ai.d JOSEF FRIED 

(From the Dimstmi of Phnrmacology and Organic Chemislry, The Squibb Institute 
for Medical Research, New Brunswicl) 

(Received for pubhcation, Januar 3 '’ 20, 194S) 

The simphcity and reproducibilitj’’ which characterize the conversion of 
streptomycin to maltol (1) bj’’ heatmg m dilute alkah have made this reac- 
tion the basis of a frequentlj”- used analytical method for streptomycm (2) 
When used m these laboratones as a method of assaymg streptom 3 ^cm 
preparations, however, the maltol reaction consistently gave lower juelds 
per umt of potencj' with pure streptom 3 '’cm tnh 3 drochlonde or its calcium 
clilonde double salt than vnth impure preparations of lower activit 3 ' This 
ob^en ation suggested the possibditj that the cruder concentrates contamed 
other maltol precursors less actne than streptomicm, a supposition vhich 
has been confirmed b 3 " the isolation of mannosidostreptom 3 'cm’ (5, G) 

In a preliminary co mm unication (7) it was remarked that the broad dis- 
tnbution cun es obtamed b 3 the apphcation of the Craig counter-current 
distnbution techmque (8, 9) to sohd streptom 3 'cm preparations assaymg 
approvimatelj' 400 umts per mg could be considered to mdicate the pres- 
ence of at least three maltol-producmg entities (cf Chin e B (7) ) The 
distnbution studies herem descnbed were ongmall 3 ^ undertaken as part of 
the effort to isolate the h 3 'pothetical third streptomycm-hke substance, but 
they ha\ e now shown that this third fraction does not represent such an 
entity and have instead 3 nelded evidence that streptom 3 "cm exists m se\ eral 
tautomenc modifications, the relative proportions of which depend on the 
pH These tautomere differ m the ratio of distnbution between some 
lonniscible sob ent pairs and are at least partial^’' separable b 3 * adsorption 
on alumina 

In order to concentrate the different components, the crude mixture of 
streptom 3 ’cin (400 to 500 umts per mg ) was fractionated b 3 '’ hquid chroma- 

* It has been suggested bj Dr Selman A. VTaksman {Science, 107, 233 (1948)) that 
the term streptomjcin be resen ed for the pure substance C-iHjjX-Oj: descnbed bj 
Peck el al (3) and bj Fned and Winterstcincr (4) The Squibb investigators (Fned, 
Staielj, Titus, and Wintersteiner) have cooperated with Dr tVaksman b\ sub 
stitutmg the term mannosidostreptomjcin for streptomjcin B The new name is 
based on data to be published shortlj ba Dr Stai elj and Dr Fned Crude con- 
centrates contaimng unknmra proportions of the two streptomj cms would be re- 
ferred to under the revised nomenclature as “streptomi cm complex ” 
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togiaphy with dij'’ methanol and acid-washed ahnnina (10, 11) The solid 
lesidues obtained by lyophihzation of each (hiomatoguiphic fraction were 
then subjected to countei-cuncni distiibulion in butanol and 5 jier cent 
p-toluenesulfonic acid (7) Since foi each constituent of a mixtuic exam 
ined by the lattei technique the distiibulion cuive will show a maximum, 
the location of Avhich is a simple function of the paitition coefficient (12), 
it pioved convenient to lefei to the xmiious fi actions obtained in terms of 
then distiibution constants bctaveen the phases used These constants, 
which may be leadil}'- calculated fiom the cuiwes (12), lepresent the ratio 
of concentration in butanol ovei conccntiation in the aciueous phase, and 
are foi the sake of brevity heieinaftei refeiiecl to as K The tWTnty-four 
plate distiibution cuives illustrated in tins paper aie all plotted so that 
fractions appeal fiom left to light in the oidei of mci easing distribution 
constants, substances with a /sT of 1 haxnng then maximum concentration 
m the centei 

Distribution quickly i mealed that chi omatogi aph}’- had effected the 
sepal ati on of tluee types of mateiial That obtained m the first three or 
four fractions from the column contained 20 to 40 pei cent of what appeared 
from the bioad distiibution cuives to be an ill defined mixtuie of maltol- 
producing substances ivith K ranging fiom 1 to 10 Stieptorajmin, with a 
K of umty, accounted foi the lemamdei of the first fractions and occuned 
piactically pure in subsequent ones This yielded place to mannosido- 
stieptomxmm (5, C) as the more stiongty adsoibcd fractions emeiged from 
the column, a process wdiich was leflectcd in the distiibution cuives b5’'tlie 
disappear aiice of the central band coiiesponding to a K of 1 and the ap- 
pearance of a peak coiiesponding to a K of about 0 4 This papei wall be 
concerned onlx’’ with the eaity chiomatogiaphic fi actions in A\hich maniio- 
sidostreptomycin had not yet appealed 

Curve A in Fig 1 illustrates the distiibution in a 5 pei cent p-toluene- 
sulfonic acid system of a typical earlj’’ chiomatogiaphic fraction The 
bioad cunm obtained is open to two inter pi etations, the immediately 
obvious one being the presence of sexeial substances wath K langing be- 
tween 1 and 10 Such cun'-es w ould also result, how evci , if mateiial moiang 
far to the light of the distiibution pattern because of its high K wms to be 
giadually comm ted dining the couise of the distiibution to a substance of 
lower partition coefficient In that exmnt, part of the material w'ould be 
left behind as the decomposing substance moAmd to the right, causing the 
soit of curve illustrated Such a leaction wmuld not be siupiising in view 
of the high acidity of the system used 

The fiist indication that the foini of Curve A might be attributable to 
the mterconversion of sex'^eral modifications of the same substance was the 
sti living similarity betiveen fractions removed from x'^aiious tubes of the 
distribution apparatus 
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The concentrations of streptom3>'cin m the run illustrated by CuiT'e A 
were measured by the maltol test, bj*^ bioassa}^, and by the quantitative 
apphcation of the Sakaguchi reaction The modification of the latter sug- 
gested bj^ Thomas, Ingalls, and Luck (13) was used as descnbed m the 
literature, the more concentrated sample being diluted to approximately 



Tig 1 Distribution curves Curve A, early chromatographic fraction in butanol 
and 5 per cent toluencsulfonic acid ■, the optical density obtained by the 
Sakaguchi reaction Ml other sjunbols represent the change in optical densitj at 325 
in;i on heating in alkaline solution Curve B, distribution of the same matenal in 
butanol and 3 per cent toluencsulfonic acid at 22° Curve C, the same matenal 
distnbuted as in Cun e B but at 5° Curv c D, the same matenal after standing in 
02 \ distnbuted as in Curve C 

100 units per ml v\ith the blank lover layer pnor to the treatment vnth 
concentrated alkali The correspondence of the maltol and Sakaguchi 
determinations is illustrated m Curve A m Fig 1 Bioassaj' of these frac- 
tions against Klebsiella pneianomae (14) revealed that the ratio of biological 
units per ml to the optical densitj' at 325 mp of the maltol solution produced 
in the chemical determmation was constant, regardless of the fractions 
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analyzed The average deviation of ±5 3 fiom the lvalue of 88 2 foi the 
constant nas within the limit of eiior of the miciobiological assays, so that 
no diffeience in potency, stieptidiue content, oi abilitj to pioducc maltol 
could be demonstuated between the fiactions in the highei nnmboied tubes 
and those m the cential band 

Furthei evidence was obtained in an at.t.empt to isolate some of the mate 
nal m the fi action of the highei paitition coefficient \ twcnty-foui plate 
run with 5 pei cent toluenesulfonic acid was made with mateiial noth tlie 



Fig 2 Distribution cuivcs Curve A, an earl j’’ chromatographic fraction, Curve 
B, ledistnbution of material obtained fioin Tube 22 of Curve A 

distiibution pattern illustiated m Cuive A, Fig 2 Tlie conditions weie 
identical to those used in obtaining Cuive A, but the run was made with 
50-fold quantities in 1 litei sepaiatoiy funnels The lowei layei m the 
sepal atoiy funnel couesponding to Tube 22 of the machine wms neutialized 
wuth Ba(OH )2 and the solution fieeze-diied The solid lesidue wms trans- 
feu ed to a glass-stoppeied centufuge tube and trituiated wuth twuce its 
volume of anhydious methanol to sepaiate the leadily soluble stieptomycin 
trihydiochlonde from the lelatively insoluble (9 8 mg pei ml) baiiuni 
p-toluenesulfonate After centiifugation and lemoval of the supernatant, 
the residue wms triturated with anothei portion of methanol and centi ifuged 
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The combined methanol extracts tvere eiaporated to drjmess m the cold 
and the tnturations ■5\nth methanol were repeated Approximately 10 per 
cent of the total streptomycm content was lost at each step E\ aporation 
of the final methanol solution left a residue of 37 mg of sohd matenal con- 
taining 22 per cent of streptomj cm base, calculated from maltol analj-sis 



Fig 3 Curve t, distnbution of pure calcium chlonde double salt of streptomj cm 
hjdrochlonde, Cun e B, distnbution of the same matenal after standing at pH 7 42 

Redistnbution of 20 9 mg of the matenal ga\ e C'uri e B, Fig 2, practically 
identical Mith that of the starting matenal, a result which could only be 
explained by transformation of the high K material mto a substance of lower 
partition coefficient 

In order to determine whether the high K fraction, which appeared from 
the above to be unstable m acid, could be reconstituted at higher pH, a 
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sample of 9 9 mg of the puie calcium chloiide douldc salt of streptomycin 
(11) was allowed to stand m solution at pll 7 42 foi 30 houis The solution 
was fieeze-diied and the residue distiibuted Fig 3 illustiates tlie signifi- 
cant increase m mateiial of high K caused b}’- this tieatmcnt, Cunm A leprc- 
senting the distiibution in 5 pei cent toluenesulfonic at id of 10 mg of the 
original sample and Cuive B the same matciial aftei standing 
The ready inteiconveitibihty of these fi actions stiongly suggested that 
streptomycin can exist in seveial tautomenc modifications, the forms of 
high K being favoied in alkaline and those of low K in acid solutions To 
deteimine quantitatively the lelative piopoitions of such substances by 
distribution in a system in which one foim is lapidly being conveited to the 
other IS obviouslj'’ impossible A qualitative demon&tiation of then exist- 
ence IS possible only when conveision proceeds slowly enough so that signifi- 
cant quantities of the forms with highei K suivive to be earned to the 
higher numbered tubes of the appaiatus The distorted distnbution 
cuiwes caused by this phenomenon likeivise make it impossible to state with 
certainty the numbei of tautomeric forms 
These difficulties weie partially surmounted by the use of less drastic 
conditions 

It was found possible to slow the rate of conversion of one foim to the 
other by running distiibutions with 3 lather than 5 pei cent toluenesulfomc 
acid, and to do so even more effectively by using the 3 pei cent system at 
5° No othei changes were made in the described procedure and the only 
effect was a lowering of the distribution constant Distribution in these 
systems revealed that the early chromatogiaphic fi actions contained far 
lugher proportions of the high K forms than oiiginally suspected Curves 
B and C of Fig 1 illustiate the patterns obtained ^^hen 12 mg samples of 
the same material whose distiibution is recorded in Curve A were run in the 
3 per cent system at 22°, and in the 3 pei cent system at 5° 

Use of these systems permitted a clearei demonstiation of the intercon- 
vertibihty of the tautomenc foims A sample of 12 mg of the early chro- 
matogiaphic fraction whose distributions are lecoided in Fig 1 was allowed 
to stand 24 houis in dilute sulfuiic acid, neutialized, and freeze-dried Dis- 
tribution of the lesidue in 3 pei cent toluenesulfonic acid is lecorded as 
Curve D in Fig 1, and compaiison with Cuive B in the same figuie makes 
deal the deciease in the amount of mateiial in Tubes 18 to 24, and the corre- 
sponding increase in the centrally located band 
The formation of the high K modifications in alkaline solution was strik- 
ingly illustrated when distributions weie lun at 5° with 3 per cent toluene- 
sulfonic acid systems Curve A in Fig 4 lepresents such a distiibution of 
19 8 mg of the same sample of calcium chloride double salt which was used 
for Curve A of Fig 3 A 24 6 mg sample of this salt was allowed to stand 
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in solution at pH 7 52 at room temperature for 24 houis, after iihich the 
solution i\as freeze-diied and the lesidue distnbuted as before, nith the 
result shown in Curve B of Fig 4 

More nearly complete conversion was noted when another sample was 
dissolved m water, brought to pH 8 77, and allov ed to stand for 72 houi-s, 
dunng V hicli time 16 per cent decomposed, as measured bj*^ the loss m abihty 
to produce maltol An ahquot of this matenal vas freeze-dned and the 
residue distnbuted at 5 ° mth the 3 per cent sj^stem, as shonm m Curve B 
of Fig 4 

The presence of the aldehyde group m the streptose portion of the mole- 



Fig 4 Distnbution in butanol and 3 per cent toluenesulfonic acid at 5“ Curve 
A, the pure calcium chloride double salt of streptom3 cm tnhj drochlonde. Curve B, 
the same matenal after standing at pH 7 52, Curve C, the same matenal after 
standing at pH 8 77 

cule IS apparently essential for these mterconversions, smce reduction to 
the dihj^dro denvative eliminated the tautomensm The dihydro denva- 
tives of either the earl}'’ chromatographic fractions or the pure calcium 
chlonde double salt, when distnbuted m butanol and 5 per cent sulfomc 
acid, gave identical cun'es m good agreement mth the theoretical distnbu- 
tion of a homogeneous substance Distributions of 40 mg samples of these 
substances are illustrated m Fig 5 

It seems plausible, then, to suggest that, although the phenomena might 
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S'mBPTOMVOLV 


at first glance be taken as evidence foi the eMsteiice of a third substance 
1 elated to stieptomycm, Ihcj^ aic moic piob.ibl3^ an indication of a tauto 
meiic mL\tuie, possible components of wliich might be the aldehydo struc 
ture proposed by Kuelil and cowoikeis ( 15 ), and a img foi-m obtained by 



Fig 5 Distribution curves of dibvdrostreptomycm Curve A, the dihydro 
derivative fiom an early chromatographic fraction, Curve B, the dihydro derivative 
prepared from tlic pure calcium chloride double salt of streptomycin A indicates 
the theoretical distribution of a homogeneous substance 

the leaction between the aldehj'^de gioup and a guanidine group from the 
streptidine moietj' 

Theie is some evidence for the evistence of similar modifications of 
mannosidostieptomy’^cm since samples of the lattei give cuives of the same 
geneial foim as the eaily chromatogiaphic fiactions of stieptom3'’cm Be- 
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cause of tlie clistnbution constant of 0 44 for this substance in the 5 per cent 
toluenesulfonic acid system, most of the matenal appears m a band -mth 
maximum concentration at Tube 7, while that portion of the cm ve assumed 
to repiesent the foim with highei K occurs m the region of Tube 12 The 
possibility that this fraction mdicates contamination of these samples wnth 
streptomycm has been eliminated by distnbution m other tw o-phase sys- 
tems w hich differentiate betw een the streptomycins, but do not distinguish 
between tautomenc modifications These systems are descnbed elsewhere 
bj’’ others in these laboratories - 

EXPEHniENTAE 

Counlcr-Cxirrent Dtslnhulioii — The unmiscible hqmd pairs used for these 
studies w ei e prepared by mutually saturatmg n-butanol and w ater East- 
man c p p-toluenesulfomc acid monohydrate was made up in the water to 
the desned concentration, usuall 3 '^ 3 oi 5 gm pei 100 ml , and this solution 
w as then shaken for several minutes wnth an equal volume of the butanol 

For the prehmmarj" determination of distnbution constants m these 
systems, sti eptomycin hydrochlonde, assa 3 ong at 750 umts per mg , which 
had been punfied by the chromatographic procedure of Carter el al (10), 
reci^'stalhzation of the hehanthate (11), and conversion to the hydrochlo- 
nde, was made up to 100 y per ml m the aqueous phase Equal volumes 
of this solution and the butanol upper layer w^ere shaken together for 2 
minutes and allowed to separate The streptomycin concentiation m the 
aqueous layer was determined bj" the maltol reaction before and after shak- 
ing and the distnbution constant calculated as the difference in the two 
leadings divided bj^ the final concentration 

To determine streptomycin concentrations, 0 2 ml of 4 n NaOH wms 
added to 4 ml of the aqueous phase m a test-tube The contents were 
mexed well, heated in a boding water bath for exactlj 10 mmutes, and 
brought to room temperature bj’' coohng m an ice bath Loss of volume 
bj evapoiation dunng the heatmg was prevented b}' suspending a small 
funnel m the mouth of each test-tube to pronde a surface foi condensation 
.ind blow ing a stream of an against the exposed upper portion of the test- 
tube The ultrarnolet absorption at 325 m/x of each solution w as measured 
before and after heating, wath 1 cm cells m the Beckman quartz spectro- 
photometei, and the difference between the two leadmgs, referred to as 
AD, was taken as a measuie of the streptomjmin concentration Values 
of ad obtained in these toluenesulfonic acid sj’stems are shown m Table I 
fo be pioportional to the streptomjmin concentration dowm to levels of 
ippioxnnately 25 umts per ml Below this, the mcreasmg jneld of maltol 
nece'^sitates the use of correction factors to retain the proport ionalit\ 

-Plau(,G tv ,andMcConnack,D R.inprebs 
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The distribution constant of stieptomycin varied with the concentration 
of p-toluenesulfonic acid, values of 0 3, 1 0, and 3 8 being obtained with 
acid made up to 3, 5, and 10 pei cent in the aqueous phase 
Partition coefficients in the 3 and 5 pel cent systems piovcd independent 
of stieptomycin concentiation within the limits encounteied in the distnbu- 


Tablh 1 


Correction of AD Values 


Units per ml 

AZ) per unit per ml X 100 j 

Correction, per cent of AD 


1 92 


75 



60 

1 95 1 


SO 

1 99 


30 

2 07 i 


25 



15 

2 18 

-9 0 

10 

2 25 

-11 0 

5 

2 54 

-21 2 

2 5 

3 04 

-34 0 

1 25 

4 24 

-63 


TABIib II 


Distribution Constant of Streptomycin in Butanol-5 Per Cent 
p-Toluenesulfonic Acid 


1 

Mg per ml 1 

1 

Distribution constant 

Per cent recovery by benzene 
treatment 


0 124 


50 

0 25 


25 j 

0 46 


2 0 

1 2 

83 9 


1 1 

76 4 

0 50 1 

1 2 

77 5 

0 25 

1 4 

76 5 

0 13 

1 4 

76 5 

0 063 

1 1 

78 8 

0 031 

1 1 

81 5 


tions, as illustrated by the series of determinations summarized in Table II 
Distribution cuives obtained with 10, 50, and 130 mg samples of the 
same material pioved superimposable, so that deviations of expeiimentally 
obtained cuives fiom the theoretically piedicted patterns were not attiibut- 
able to variations in partition coefficient duiing the runs 
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In spite of the aciditj’’ of the sj'’stems, samples of streptomycm showed 
no loss m potenc}’' when allowed to stand for 45 hours m these solutions 
All distnbutions were made m a twent 3 ’--four plate Craig counter-current 
apparatus sumlar to a premously descnbed model (8), and contaimng 8 ml 
of each phase m each tube Samples of 8 to 10 mg were dissolved m 8 ml 
of one phase and placed m the 0 tube of the machme The phases were 
equihbrated by rockmg the apparatus 2 mmutes and were allowed to sepa- 
rate for 2 mmutes before each movement of the upper half of the machme 
to a new position 

Although it would have been desirable to displace aU of the streptomycm 
m each tube mto the lower layer so that the maltol analysis of the aqueous 
phase would reveal the total matenal m each tube, this did not prove prac- 
ticable It was possible, however, by the addition to the upper layer of 
one-half its volume of benzene to displace 26 to 30 per cent of the strepto- 
mycm contamed m the butanol mto the aqueous phase This was checked 
expenmentall}'- at the time the distnbution constants were measured and 
Table II lists the per cent of streptomycm recovered when a solution m the 
lower phase was shaken with an equal volume of upper layer and half the 
volume of benzene 

The vanations m K values hsted for the lower streptomycm concentra- 
tions m Table II are attnbutable to the fact that the constant was computed 
from the formula if = (Cb — Ca)/(Ca) v here Cb and C\ represent the con- 
centrations of streptomycm m the Ion er phase before and after shaking with 
an equal volume of the upper Errors m deteimimng concentration thus 
enter the computation tv ice and are magnified m the value for K The 
partition coefficient calculated b}"- the method of Wilhamson and Craig (12) 
from the distnbution cur\ es with the 5 per cent toluenesulfomc acid system 
averaged 0 97 m runs made over a penod of some months, the most extreme 
variations bemg from 0 92 to 1 05 

Recovenes of streptomycm from the distnbution apparatus were calcu- 
lated bj-- summation of the AD values from each tube These were usuallj’’ 
betveen 75 and 80 per cent m agreement with Table II In extreme cases 
in vhich most of the streptomjmm was present as the modification with 
high partition coeflSicient (e g Cunm C, Fig 4) the recovenes were lower, 
08 to 70 per cent, as would be exqiected from the fact that most of the mate- 
nal in the higher numbered tubes is contamed m the upper phases, so that 
the benzene treatment displaces a smaller proportion of the total mto the 
lover laj'ers The same reasomng accounts for the higher recovenes of 
80 to 82 per cent at the other extreme (c g Cun e D, Fig 1), vhere most 
of the streptomjTin is concentrated m the fractions of lover K 
Because of the phenomena herein descnbed the K lalues m the 3 per 
cent sj’stem could not be calculated as preciselj from the cun es, but the 
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best estimates were from 0 49 to 0 55 at room temperature (21 db 2°), and 
from 0 29 to 0 39 at 5° 

Chi omatogravhy of Crude Tliiough a column 3 2 cm m diam- 

eter contammg 460 gm of alumina was passed a solution of 10 gm of strep- 
tomycin (450 units per mg ) in 100 ml of methanol 80 ml fractions were 
collected and the solvent removed in vacuo The residues were taken up 
m 10 ml of -water, filtered, and lyophilized Table III summarizes a typical 
experiment In ordei to mdicate the changing pioportions of the forms 
Rvith low and high, partition coefficients, the final column of Table III lists 
the latio of matenal appearmg in Tubes 0 to 17 to that found in Tubes 18 


Table III 


Chtomalography of Crude Streptomycins 


(Fraction 

W^cight 

i 

Biopotencj 

Ratio of material in 
Tubes 1-17 

Tubes 18-24 


^ gm 

1 


A 

I 0 21C0 

495 


B 1 

0 3186 


2 98 

C 

0 3862 

593 


D 1 

0 3559 



E 

0 2628 

612 

4 98 

F 

1 0 2758 



G 

0 4701 

538 

[ 

H 

0 3616 


1 

j 

I 

0 3682 



J 

0 2917 

j 392 


K 

1 0 2049 

1 373 


L 

0 2219 

1 

10 61 

1 


to 24 wdien these chromatogiaphic fractions were distnbuted in butanol 
and 5 per cent toluenesulfonic acid 

Atleinpied Isolation of M atenal of High K — A 40 mg sample of an early 
chiomatogiaphic fraction was distributed as desciibed in a 5 pei cent tolu- 
enesulfomc acid system The lower layeis, aftei the conversion to maltol, 
were diluted 1 5 mth 0 1 N NaOH to obtain the AD values plotted in Cuive 
A, Fig 2 

In 01 del to duplicate this run -with 40-fold quantities of stieptomycin and 
solvents, the distribution was made m a series of 1 htei sepaiatoiy funnels, 
IS described elsewhere (9) Since after each eqruhbration in separatory fun- 
nels the lonei layer is transferred to the next fumiel, those substances of 
lowest pai-tition coefficient aie earned farthest along the Ime of funnels 
This IS the reverse of the situation in the Craig apparatus, wheie the uppei 
layer moves The two techniques give identical curves if the order of num- 
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benng the tubes is reversed For this reason, the funnel to which the sam- 
ple was added and m which the first equilibration occurred v as Tube 24 and 
succeedmg funnels were numbered m descending order Smce only the 
fractions of the higher distnbution constant were desired, it was necessary 
to set up but three funnels, Tubes 24 to 22 Each contamed 320 ml of the 
upper layer The sample was added to Tube 24 and equihbrated, and the 
lower layer drawn mto Tube 23 The fresh lower layer was then added to 
Tube 24 and both vessels were shaken The lower phase of Tube 23 was 
then drawn mto Tube 22, that from Tube 24 mto Tube 23, etc , the process 
being repeated until Tubes 24, 23, and 22 had had 24, 23, and 22 eqmhbra- 
tions respectively The lower phase from Tube 22 was drawn off and 
discarded at each step The contents of Tube 22 were shaken with 
benzene as usual, and the lower layers withdrawn, titrated to pH 6 to 7 
with Ba(OH) 2 , and freeze-dned The residues were broken up m 15 ml of 
dry methanol, shaken vigorously, and centrifuged The supernatant was 
removed and the residue agam extracted with 10 ml of methanol 

The combmed methanol solutions were evaporated to dryness, and the 
residue extracted as before with 1 0 and 0 5 ml portions of methanol 
Evaporation of the solvent left a residue weighmg 36 6 mg Over-all re- 
coveiy of the streptomycm ongmally m the lower layer was 66 per cent, 
based on analyses of each fraction by conversion to maltol 20 9 mg of 
the matenal were distnbuted with 5 per cent toluenesulfomc acid (Cun’e B, 
Fig 2) 

The authors wish to acknowledge the assistance of Mr Edward Paredes 
m the chromatographic separations and of Miss Antonme Hoffmann, Mr 
Stanley Uhck, and Mr Robert Matusow m the coimter-current distribu- 
tions 


STJMMART • 

Evidence obtamed by counter-current distnbution mdicates that strep- 
tomycm exists as a mixture of tautomenc modifications, the relative propor- 
tions of which depend upon pH The tautomers are at least partially sep- 
arable by chromatography 


BIBUOGRAPHT 

1 Schenck.J R , and Spielman, M A ,J Am Chem 5oc , 67, 2276 (1945) 

2 Boxer, G E , Jelmek, V C , and Leghorn, PM,/ Btol Chem , 169, 153 (1947) 

3 Peck, R L . Bnnk, N G , Kuehl, F A , Jr , Fljim, E H , Walti, A , and Folkers, 

K , J Am Chem Soc , 67, 1S66 (1945) 

4 Fned, J , and TVinterstemer, O , Science, 104, 273 (1946) 

5 Fned, J , and Titus, E , J Btol Chem . 168, 391 (1947) 

6 Fned, J , and Stavelj , H E , / Am Chem Soc , 69, 1549 (1947) 

7 Titus, E , and Fned, J , J Btol Chem , 168, 393 (1947) 



70 


STREPTOMYCIN 


8 Craig, L C , J Biol Chcm , 166, 519 (1944) 

9 Craig, L C , Golumbic, C , Migliton, H , niid Titus, E , J Biol Chcm , 161, 321 

(1945) 

10 Carter, H E , Clark, R K , Jr , Dickman, S R , IjOO, Y II , Skell, P S , and 

Strong, W A , J Biol Chcm , 160, 337 (1945) 

11 Kuehl, F A , Jr , Peck, R L , Iloffliine, C E , Tr , Griber, R P , and Folkers, 

K , J Am Chcm Soc , 68, 1461 (1946) 

12 Williamson, B , and Craig, L C , / Biol Ghent , 168, 087 (1947) 

13 Thomas, L E , Ingalls, J K , and Luck, M L , 7 Biol Chcm , 129, 203 (1939) 

14 Donovick, R , Hamre, D , Kavanaugh, F , and Rake, G , J Bad , 60, 023 (1945) 

15 Kuehl, F A , Jr , Flynn, E H , Brink, N G , and Folkers, K , J Am Chcm Soc , 

68, 2679 (1946) 



FURTHER STUDIES OF UNIDENTIFIED FACTORS REQUIRED 
IN THE NTJTRITION OF LACTOBACILLUS CASED 

Bt LOUISE I DANIEL, 2^1 L SCOTT, G F HEUSER, and L C NORRIS 
With the Techxickl Assistance of Feobence Schenkeb aac Bette Bbottk 

(From the Agricultural Experiment Station and the School of Kutntion, 
Cornell University, Ithaca) 
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Unknown growth factors have been reported for several lactobacilh 
Cheldelm and Riggs (1) stated that Lactobacillus gayomt 8289 requn-es a 
factor in Wilson’s hver fraction L for growth on a casein hydrolysate 
medium contammg nont and Llo3'd’s reagent filtrates of peptone and yeast 
extract Metcalf, Hucker, and Carpenter (2) found a growth factor present 
m several vegetable juices, mcludmg carrot, beet, omon, cabbage, and 
tomato juice This w'as a heat-stable factor which caused a stunulation of 
acid production by certam lactobacilh Kuiken, Norman, Lyman, Hale, 
and Blotter (3) reported an unknown factor m tomato jmce necessaiy for 
the growth of Lactobacillus arabinosus This substance was adsorbed by 
nont Shorb (4, 5) reported an umdentified growth factor for Lactobacillus 
laclts Domer m refined hver extracts used m treatmg permcious anemia, 
and one m clarified tomato juice Both of these factors were required for 
optimum growth of this organism The hver factor was found to be con- 
centrated m the refined extracts m practically a hnear relationship to the 
potency of their antianemic activity 
Tomato juice has been known to contam a factor or factors needed for the 
optimum grov'th of many microorganisms Grossowicz (6) m 1942 re- 
ported that tomato juice contamed a new factor, adsorbable on nont, which 
produced good growth of Streptococcus hemolyhcus, type A 
Woollej^ (7) reported the existence of an unknown growth factor m hver 
for hemolytic streptococci, and later Spnnce and Woolley (8) found it to be 
necessaiy for the growth of Lactobacillus casci The active material, which 
the3’’ named strepogemn, v as found in largest amounts in ci3’'stalhne msuhn, 
tiypsmogen, ti3q3sm, and casern (9) On a medium contammg casern 
h3'drolysate that had been h3'drotyzed with HSOi to destroy the strep- 

* This Mork was undertaken in cooperation mth the Office of Naval Research, 
Na\j Department, 33 ash)ngton,D C , and was aided b 3 grants to Cornell Um\ ersitj 
bj the Cerophjl Laboratories, Inc , Kansas Citj, Missouri, the Nutrition Founda- 
tion, Inc , New York, and the 33^cstern Condensing Companj , San Francisco, Califor- 
nia This work was conducted in the Nutrition Laboratories of the Department of 
Poultr 3 Husbandrj 
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Factors required bt l casei 


ogenin activity, Lactobacillus casei would giow when strepogenin concen- 
trates were added as the only supplement 
Scott, Norris, and Heuser (10) found that two unloiown factors were re- 
quired for the growth of Lactobacillus casei One of these factors was usually 
associated with products of animal origin, and the other was present in th? 
Darco filtrate of ti 3 T)tone The unadsoibable factor was referred to as 
strepogemn, although, contrary to the work of Woolley, this substance, wlien 
added to a casein hydiolj^sate basal medium, did not promote growth 
Only in the presence of the so called “animal piotem factor” did maximum 
growth occur Scott, Norris, and Heusoi (11) have coii elated factor S 
activity of several feedstuffs for the chicle with their sticpogenin activit}^ 
for Lactobaallus casei Then results demonstrate that the same activity is 
being measured by the microoigamsm and the chick 
In view of these findmgs and recent work by Nichol, Robblee, Cravens, 
and Elvehjem (12) on the effect of hver extract on the growth of chicks, a 
study was made to determine the response of Lactobacillus casei to hver 
extract and tomato juice 


experimental. 

Cultuie — The culture of Lactobacillus casei was obtained from the Amer- 
ican Type Culture Collection It was maintained m stab culture m a 
medium contaimng hver, glucose, yeast, tryptone, and agar, the compo- 
sition of which IS desenbed by Nymon, Gunsalus, and Gortnei (13) 
Weeldy transfers were made through broth cultures of the same composi- 
tion, except for the ormssion of agar 
The moculum tubes were prepared by addmg tryptone (adsorbed \ horn 
with an equal weight of Darco G-60) at a level of 25 mg per tube to the 
basal medium The organism was grown for 18 to 24 hours m this moculum 
tube at 37° It was then transferred to a sterile centrifuge tube and centri- 
fuged foi 15 minutes at approximately 2500 r p m The medium was dis- 
carded and the orgamsms were resuspended m stenle saline, and diluted 
until a leadmg of between 60 and 70 was obtained on the galvanometer of 
a Coleman spectiophotometer set at a wave-length of 650 m/i One loopful 
of this suspension was used to moculate each assay tube 
Medium Used — ^An ammo acid mixture was used as the mtrogen source m 
the medium mstead of casein hydrolysate The a mm o acids used (and the 
amounts of each) were the same as those given m the report by Stokes, 
Gunness, Divj^er, and Caswell (14) for Streptococcus faecalis This mixture 
contained all sixteen ammo acids shown by Hutchings and Peterson (15) to 
be needed b 3 f Lactobacillus casei, and m addition gtycine, piolme, hydrox 3 ’’- 
prohne, and norleucine The other constituents of the medium were the 
same as those reported b 3 ’^ Scott, Norns, and Heuser (10) with one ex- 
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ception The pyndoxal was added to the medium before stenhzation at a 
level of 10 y per tube The assay tubes were steamed for 15 mmutes, cooled 
to 35-40°, and moculated They were incubated at 37° for 16 to 18 hours 
At the end of this tune the tuibidity of the suspensions was read in a 
Coleman spectrophotometer at a nave-length of 650 m/i 

Strepogenin Concentrate ft om Casein — ^The source of strepogenm used m 
this stud}^ n as a concentrate made from Labco or Difco vutamm-free casern 
by the method of Spnnce and Woolley (9) as modified b}^ Scott * It was 
prepared as follow s 1 liter of distiUed w'atei was added to 100 gm of casein 
(In the case of Labco casern the suspension was steamed 3 minutes and 
cooled ) The pH w as adjusted to 8 0 mth XaOH 2 gm of trypsm 
(Pfanstiehl) were added to the mixture, w'hich was covered well with 
toluene, and allowed to digest at 37° foi 20 hours It was necessary to 
adjust the pH several tunes m order to keep it at 8 After 20 hours the pH 
was changed to 7 0 and the msoluble matenal w’as filtered off 50 gm of 
lead acetate were added and the resultmg precipitate was removed by filtra- 
tion The pH was then adjusted to 9 5 and another precipitate filtered off 
The filtrate was satuiated wnth H 2 S and the PbS was removed by filtration 
The filtrate was concentrated under a vacuum until all of the H:S was re- 
moved At this pomt the activity of the strepogenm concentrate was 
tested wnth Lactobacillus casei If giowth occurred when the strepogenm 
concentrate was added to the basal medium, the concentrate was treated 
with an equal weight of nont for J hour, or until no grovrth occurred when 
it was the only supplement to the medium 

Liver Extracts — The hver extracts tested were crude and refined prepa- 
rations used m the treatment of pernicious anemia Six different extracts 
contaming 15 U S P umts per ml were studied, along with one each of 2, 
5, and 10 U S P umts per ml AH of the ongmal preparations were se- 
cured from a local pharmacy I\Tien a larger amoimt of one extract w as 
needed, it was supphed by the manufacturer direct^’- 

Tomato Juice — ^Five samples of canned tomato juice were purchased on 
the open market early in October Each was filtered through No 44 
IVhatman filter paper on a Buchner funnel with the aid of Cehte filter aid 
The resultmg solutions were yeUow m color Part of each solution was 
adsorbed with nont at the natural pH of the serum (4 0 to 4 2) for \ hour 
(5 gm of nont per 200 ml of serum) and filtered to remove the charcoal 
The resultmg solution was colorless 

RESULTS Aim DISCUSSION 

In the first study, vaiymg levels of strepogenm were added to mcreasmg 
levels of liver extract The lesults of this stud} are presented m Table I 

' Scott M L , unijubl/sbed data Cornell Unnersit\, Ithaca, Vort 
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When strepogenm or liver extiact was added alone to the basal medium, 
no growth occuired However, the addition of both together resulted in 
maxunum gioivth It is evident that stiepogenm equivalent to 25 mg of 
original casein per tube was enough to supply the stiepogenm lequnement 
of Lactobactllus casei in this case It was nccessaiy to establish this level 
for each nev stiepogenm piepaiation Different batches of the liver ex- 
tract gave relatively uniform responses 
It IS evident that a deal cut differentiation in factors has been obtained 
The unadsorbed activity in trj^psin-digested casein, which is not piecipi- 


Table I 

Effect of Strepogenm and Liver Extract on Growth of Lactobacillus casci 
17 hour incubation 


Strepogenm* 

Aprt 

Galvanometer reading! 

mg per tube 

unt! per tube 

1 

0 

0 

100 

0 

0 4 

90 

50 

0 

100 

10 

0 1 

75 

10 

0 2 

40 

10 

0 3 

26 

10 1 

0 4 

23 

25 

0 1 

40 

25 i 

0 2 

20 

25 

0 3 

17 

25 

0 4 

16 

50 

0 1 

41 

50 

0 2 ‘ 

24 

50 

0 3 

19 

50 

0 4 

15 


* Strepogenm concentrate from Labco vitamin-free casein 
t Lilly’s antipernicious anemia extract, 15 units per ml 
t A galvanometer reading of 100 represents no growth 


tated by lead, is identified as stiepogenm The activit 3 ’- present in the liver 
extiact shall hencefoith be called “animal piotein factoi” (APF) since un- 
published data^ indicate that this actmt 3 ’' is coi related with the response 
of the chicks fed an all x'-egetable diet to piepaiations of the animal piotem 
factoi 

Having established the fact that liver extracts contain a growth factoi for 
Lactobacillus casei, it was considered advisable to test the activit 3 ’- of differ- 
ent liver preparations Eight more extracts weie assa 3 '-ed for APF activity 
with strepogenm m the medium at a level equivalent to 25 mg of original 
casein per tube The results of this study aie presented in Table II 

- Combs, G F , unpublished data, Cornell University 
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Table II 

Response of Lactobacillus casei to Various Liver Extracts in Presence of Strepogenin* * * § 
18 hour incubation 


APF 

units 
per tube 

GaK anometer 
rcadingf 

1 Activitj index J 

! 

Xone 

1 

100 

1 

i 

Lilly, 15 uiuts per ml § 

' 0 05 

57 

i 100 

1 

1 0 10 

27 



0 20 , 

12 



0 30 

10 


Sample A,|l 5 uiuts per ml 

0 10 

48 

56 


0 20 

27 



0 30 1 

16 



1 0 40 

11 


.. j5 ,, » ,, 

0 10 

65 

39 


1 0 20 

41 


1 

0 30 

25 


1 

0 40 

13 


" C, 15 “ “ “ 

0 25 

39 

25 


0 50 

21 



0 75 

16 



1 00 

11 


“ D, 2 “ ” “ 

0 25 

68 

14 

0 50 

47 



0 75 

26 

1 


1 00 

15 


“ E, 15 “ " “ 

0 25 

85 1 

10 


1 0 50 

53 1 



' 0 75 

33 1 


1 

' 1 00 

21 


“ F, 15 “ “ “ 

0 50 

! 66 i 

7 

1 00 

i ^ ! 



1 50 

! 23 i 



2 00 

1 14 1 


“ G, 15 “ " “ 

0 50 

' 78 1 

6 

1 00 

59 1 



1 50 

29 



2 00 

19 


“ H, 10 “ “ “ 

1 00 

[ 65 

4 


2 00 

' 47 



3 00 

17 


1 

4 00 

6 



* Strepogenin concentrate from Labco vitamin-free casein at the Ici cl of 50 mg 
per tube 

t A gall anometer reading of 100 represents no groirth 

i The activitj index has been obtained bj comparing the actn iti of APF w ith the 
activity of Lillj ’s extract, which has been assigned a xalue of 100 

§ Potencj of extracts as purchased 
II Extracts from different pharmaceutical companies 
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It IS evident from the data that there are gieat diffeiences in the re- 
sponse of Lactobacillus casei to these nine livei extracts Tlie vaiiations 
obtained do not seem to be related to the degree of lefinement of the prepa- 
lation, since the most active pieparation had a concentiation of 15 units of 
antipeinicious anemia factor per ml , and thiee of the least active extracts 
had the same concentiation A crude sample (D) had an iptei mediate 
activity Accoidmg to the United States Phaimacopeia XIII (16) the 
U S P unit of antiperaicious anemia activity is an amount of pioduct 
which, when admmisteied daily, produces clinical and hematological le- 
sponses m Addisonian pernicious anemia as ludged by the Advisoij'^ Boaid 
to be satisfactoiy Any standardization made with human patients is 
subject to some variation, but it is haidly likely that such vide diffeiences 
in hvei extracts would be caused by vaiiations m standaidization Thcie- 
foie, it would seem impossible that this APF actnutj’- foi Laclobacilliis casci 
is identical with the factor lequired in the tieatment of pernicious anemia 
Howevei, there is a strong possibility that Lactobacillus casei lequiies two 
factors One of these maj'- be identical with the antipeinicious anemia 
factoi and the other piesent m varying amounts in the different livei 
extracts 

In the study with tomato juice the untieatcd serum was .idded to the 
basal medium, and the adsoibed serum was added to the medium alone and 
m combination wuth hvei extiact The lesults of this sludj’' aie piesented 
in Table III 

It IS evident fiom the data that theie aie tw^o factoi s piesent m hlteied 
tomato juice One of these is lathei easity adsoibed bv noiit and is piob- 
ably the same as the giowdh-piomotmg factoi (APF) present in livei ex- 
tiacts The factor that is not leadil}'’ adsoibed by chaicoal ivlicn added 
with hvei extiact pioduces a lesponse m Lactobacillus case? that is similai 
to the effect of stiepogenin 

In 01 del to investigate the relationship between the stiepogenin conecn- 
tiate fiom casein and adsorbed tomato juice, a study was made with these 
two prepaiations with graded levels of hvei extiacts The lesults of this 
study aie piesented in Table IV 

The factor that is not adsorbed fiom tomato juice b}'^ noiit undei these 
conditions lias the same giowffh-promoting activity as the stiepogenin con- 
centiate made from casein This wmuld mdicate that the substance in 
tomato juice is eithei identical to stiepogenin from casein oi \eiy similai 
to it 

Since the^e studies have been perfoimed, seveial samples of tomato luice 
ha\ c been found to contain consideiably less of the “animal piotcin factoi ” 
These cans liave loeen standing on the shelves foi seveial months, and it is 
possible tint loss of this activity has occuned, due to instability Theie 
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was no difference m this respect between tomato juice canned in metal and 
that canned m glass 

The results of these studies demonstrate that there are two or possibly 

Table III 

Growth Response of Lactohaeillus caset to Tomato Juice and Liver Extract 


18 hour incubation 


i 

Sopplemcat 

l«vel 

Galvan 

omcUr 

read 

mg* 

1 

Supplement j 

1 

i Level 

1 

iGalv&n 

ometcr 

read 

mg* 


ml 


, i 

ml 


None 


100 

! Tomato juice, Sample B 

4 

90 

1 



(adsorbed) 



Tomato juice, Sample At j 

1 

25 

APF (0 5 unit) + tomato 

1 

17 


2 

9 

juice, Sample B (ad- 

2 

10 


3 

9 

sorbed) 

3 

8 

' “ “ B 1 

1 

22 

Tomato juice, Sample C 

4 

83 


2 

13 

I (adsorbed) 

1 


I 

1 

3 

9 

APF (0 5 umt) -b tomato 1 

1 1 

18 

‘ C 

1 

20 

juice, Sample C (ad- 1 

i 2 

i 10 


1 2 

9 

sorbed) 

3 

i 8 


3 

8 

1 

l ' 


D 

1 

37 

Tomato juice, Sample D 

1 ^ i 

! 91 

1 

2 

23 

(adsorbed) 




3 

17 

APF (0 5 unit) -f tomato 

1 I 

1 17 


4 

, 7 

juice, Sample D (ad- 

2 ! 

! 11 




sorbed) 

3 


(1 K (( £ 

‘ 1 

23 

Tomato jmee. Sample E 

1 4 

1 94 


2 

10 

(adsorbed) 

1 

1 


3 

8 

APF (0 5 unit) + tomato 

1 ! 

I 31 


unit 

( 

juice. Sample E (ad- 

2 

1 18 

tPPt 

0 5 

90 

sorbed) 

3 

9 


ml 





Tomato juice, Sample \ (ad- 

1 4 

97 




sorbed) § 

I 

1 


1 


APF (0 5 unit) + tomato 

1 

i 29 

1 : 

1 

f 


juice, Sample A (adsorbed) 

2 

' 9 


1 



3 

f 

’ 8 





* A gaU anoineter reading of 100 represents no growth 
t Filtered tomato ]uice of five different brands 
1 15 units per ml of Lillj'’s li\ er extract 
§ Serum adsorbed i hour w itb nont (5 gm per 200 ml ) 

three unidentified factors necessarj for the growth of Lactobacillus casei 
One of these is strepogenm and the other is a factor or factors associated 
with animal protems and found m high concentration m certam liver e\- 
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tracts vised for the treatment of peimcious anemia In the work of Spnnce 
and Woolley (8) with Laclohacilhis casct the casein liydi olysate used in the 
basal medium may have contained sufficient APF activity for the oiganism 
On the othei hand, it is possible that then trypsin-digested stiepogenm 
concentiates supplied this activity, since we have found trypsin to be an 
excellent source of APF It is possible that the factois of Clicldelm and 
Riggs (1), Giossowicz (6), and Kuiken cl al (3) aie the same as the liver 
factois lepoited here There is little doubt that the factois required by 
Laclobaallus lacks Doiner, as described bj-^ Shorb (4, 5), are identical with 
stiepogenm and APF The question of whether each of these activities is 


Table IV 

Com'pauson of Slrepogenin Concentrate from Casein and Adsorbed Tomato Juice As 
Growth Factor for Lactobacillus casci 


Supplement 

Level 

Galvnnometcr 

reading* 

None 


100 

APFt 

0 4 unit 

90 

Tomato juice (adsorbed) t 

4 ml 

96 

Strepogenm concentrate§ 

50 mg 

96 

“ “ (50 mg ) + APF 

0 1 unit 

41 


0 2“ 

24 


0 3“ 

19 


0 4“ 

15 

Tomato juice (adsorbed) (4 ml ) + APF 

0 1 “ 

49 


0 2“ 

26 


0 3“ 

18 


0 4“ 

12 


* A galvanometer reading of 100 represents no growth 
1 15 units per ml of Lilly’s liver extract 

t Tomato juice serum adsorbed J hour with noiit (5 gm per 200 ml ) 

§ Strepogenm concentrate from Labco vitamin-free casein 

repiesented by a single factoi is not known This pioblem is now under 
investigation in this laboratory 


SUMMARY 

Studies have been conducted showing that Laclobaallus casei requiies a 
factoi or factors (APF) present in antipeinicious anemia livei extracts, in 
addition to stiepogenm, for maximum giowth Wide vaiiations were found 
m the amount of factor (or factors) piesent m livei extiacts, which is not 
attributable to diffeiences m their antipernicious anemia activity These 
differences may lesult from the presence of the giovdh factoi as a contam- 
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mant of the antipemicious anemia preparations, or from the existence of 
tR 0 factors m % ai^nng amounts in the &e% eral hver extracts 
Tomato juice, shortl}^ after the catuung season, contained all of the 
unidentified grow th factors for Laclohacillus casei in rather large amounts 
Adsorption of tomato juice by nont remoi ed the APF actn ity, but did not 
alter the strepogemn actiiity uhich was recovered m the filtrate The 
APF actmt}'' m tomato juice decreased as the age of the canned product 
mcreased, whereas the strepogenm activity of the tomato juice was unal- 
tered 

The authors wush to thank Dr A Lee Caldw ell of Eh Lillj^ and Companj , 
Indianapolis, Indiana, for suppljong a quantitj"- of hver extract 
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THE SYNTHESIS OF PROTEIN BY NON-PROLIFERATING 
ESCHERICHIA COLI 


Bt JACKLYN B MELCHIOR, I\IARG ARET MELLODY', aisd mVECG M KXOTZ 
(From the Deparlrtienl of Chemistry, Northwestern University, Evanston) 

(Received for publication, Januarj 24, 1948) 

Withiu the last yeai seteial int estigatious on the uptake of labeled 
amino acids by the piotems of tissue shces hat e been descnbed in the litera- 
tuie This mcorporation has been used to indicate the sjmthesis of new 
protein, and the technique developed has made it possible to study the 
effects of tanous conditions and substances on the s 3 Tithesis of peptide 
bonds Thus Melchioi and Tanmi (1) hate followed the uptake of radio- 
sulfur, introduced m the form of methionine labeled mth S*^, b} ht er shces, 
and hat e found that the incorporation mto protein is ahohshed by homog- 
enizmg the tissue This has been verified m intestinal sections bj'^ Wm- 
mck, Gieenberg, and Friedberg (2), tvho hat e shown fm-ther that azide ion 
IS inhibitory Frantz, Loftfield, and ^IiUei (3), m turn, have demonstrated 
that protein sjnthesis in ht er shces reqiures the presence of o\j"gen 

One disadt antage to the use of tissue shces is the considerable spread of 
lesults usuallj’’ observed, due to differences between individual shces Fur- 
thermore, in the use of methionine to measure protem synthesis m liver, 
the procedure is comphcated by the rapid production of labeled cystme or 
cysteine bj’’ the tissue (1) The use of bacteria has suggested itseK as a 
means of overcoming the first difficulty, smce the presence of set eral billions 
of oigamsms would tend to minimize inditidual tanations Smce it has 
tieen found, m addition, that non-proliferatmg Escherichia coh com erts less 
than 3 pei cent of the labeled methiomne to cj-^stme or cysteine, and none, 
within expeiimental eiior, to sulfate, the use of microorgamsms has seemed 
especiallt promising for studj mg the synthesis of peptide bonds as isolated 
from the more complex process of grow th 

EXPERIMENTAL 

Ihe Escherichia coh cells used m these experiments were grown for 18 
hours on Bacto-nutrient agar Thej were w ashed off the agar slants with 
normal saline, w ashed three times with saline at the centrifuge, then resus- 
pended m saline, precautions to maintain stenle conditions bemg obsen ed 
till oughout The suspensions w ere pipetted into centrifuge tubes contain- 
ing the labeled methionme and the other substances bemg imestigated 
ind the tubes were incubated for 6 hours at 37° Tuibiditj' was measured 
at the beginning and end of each expenment b^ a Hellige-Diller photo- 
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electric coloiimeter The original transmission of light i\as usually be- 
tween 60 and 70 per cent and theie was generally an increase of 2 to 3 per 
cent dm mg the incubation, le, the numbci of cells present aluays de- 
creased dining these expeiiments No attempt, was made to keep the 
oiigmal tmbidity constant m diffeient expeiiments, since contiols Yeie 
run with each experiment The suspensions contained about 15 mg of 
diy weight of bacteiia 

At the end of the expeiiment the tubes weie heated to 100° for 20 min- 
utes The coagulated cells weic centiifuged and Bashed foui times uith 
an acetate buffei of pH 5 4 The fiist ivash ivas peimitted to stand o\ er- 
night to insure lemoval of any adsorbed methionine The preparation of 
samples foi analysis has been desciibed bj’- Melchior and Taiwei (1) Gar- 
ner sulfate B as added to make a total precipitate of 0 02G mar The ladio- 
activit 3 ^ Bas determined Buth a Lauiitsen electioscope modified in the 
manner desciibed by Hennques, KistiakoB sky , Maignetti, and Schneider 
(4) 

The penicillin G B^as a puiified sample Buth a potency of 1630 units per 
mg 


RESULTS AND DISCUSSION 

It has been found that a suspension of Eschenchia coh incubated Bith 
labeled methionine incorpoiates a small but significant amount of 
the labeled sulfur into the bacteiial proteins A typical expeiiment is 
shoBii m Table I The number of bacteiia present is expressed as 100 
minus pel cent transmission of light, B'hich is directlj’’ pioportional to the 
turbidity About 0 7 per cent of the original activity is found piesent in 
the pioteins, although there is a net decrease m turbidity and hence in the 
number of micioorganisms 

It B'^as necessary at the outset to make certain that the uptake of labeled 
sulfiii lepiesents a tiue s^mthesis of piotein lathei than an adsoiption 
phenomenon Hence one of the bacteiial suspensions Bas transferied to a 
dialysis bag at the end of the incubation and dialj'^zed foi 42 hours against 
iTinmng tap Batei A contiol sample B’’as handled as described above 
The lesults of this expeiiment aie lecoided in Table II Though theie B'as 
a deciease in the labeling of the bacteiia upon dialysis, the major poition 
of the activity B^as not dialyzable Fmtheimore, heating the bacteria to 
100° completely stops the uptake of ladioactivity by the protein The 
reaction is also stopped by small amounts of ceitain inhibitois, as Bull be 
desci ibed later Hence the uptake of activity by the bacteria is an enzj’-- 
matic process Bherebj’^ the ammo acid methionine is firmly attached to laige 
molecules, and this techmque can be used as a measure of the amount of 
protein s 3 mthesis occurring during the experiment 
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Effect of Asparagine, Glucose, and Glycine — ^The control samples m Table 
III show that less than 1 per cent of the methiomne added as a substrate 
was incorporated into protem by the resting bactena Vanous substances, 
including nitrogen, phosphorus, and carbon sources, w ere added, therefore, 
in an attempt to increase the sjmthesis Asparagine, i\hich is a growth 
factor of Eschenchm coh, w as found to cause a definite mcrease m the mcor- 
poration of methiomne That this effect is not simpty due to the addition 
of a carbon or nitrogen source is shown by the obsenmtion that glycme 

Table 1 

h-plate of Melhiomne by Non-Proliferating Bacteria 
Washed Escherichia coh suspended in 50 ml of saline Incubated 6 hours at 37° 
4 0 micromoles of labeled methionine added 


Orisinal turbiditj** ^ 

1 

i 

Final turb^ty* 

1 

Labeled S found m proteins 


1 


mxcTomo^es X fO* 

44 * 


37 

2 9 

4r4 0 

1 

37 5 

1 

29 


* 100 minus per cent transmission of light 


Table II 

Test of Enzymatic Nature of Upial e 

Washed Escherichia coh suspended in 50 ml of saline containing 200 mg per cent 
of asparagine Incubated 6 hours at 37° 


Conditions 

Labeled methioniDe 

1 added 

Labeled S found in 
proteins 

Control 

mtcrorroles 

9 4 

iricTomc^es X 10 

5 8 

Dial j zed 42 hrs 

9 4 

4 4 

Control 

3 0 

4 1 

Boiled before incubation 

3 0 j 

0 0 


causes a much smaller increase Glucose not onlj failed to mcrease protem 
sjmthesis, but caused a definite decrease of about 40 per cent Thus glu- 
cose alone does not support protein sjmthesis, in fact, when the cells are 
metabolizing glucose there is a decrease in the production of protein These 
data are not sufficiently complete to attnbute the stimulation e'dubited bj 
asparagine to a specific effect of the growth factor, but it is apparently not 
due simply to its carbon or nitrogen content 

Effect of Azide, Cyanide, and Fluondc — is recorded m Table IV, azide, 
cj anide, and fluoride ions markedly inhibit protein synthesis in our sy’atem 
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Azide and cyanide die known to inhibit enzymes containing non poiphyim 
gioups such as cytochiome o\idase and catalase It is peitinent to point 
out that Frantz, Loftfield, and Miller (3) hai e found that protein sjmthesis 

Table III 


Effect of Asparagine, Glynnc, and Glucose 
Washed Escherichia colt suspended in 50 ml of saline Incubated 6 hours at 37° 


Additions 

I abcled mctliionine 
added 

I abclcd S found in 
proteins 

None 

micromoles 

1 0 

micromoles X lO^ 

2 9 

tt 

4 0 

2 9 

100 mg asparagine 

4 0 

4 1 

100 " 

1 0 

4 3 

None 

4 0 

2 2 

100 mg asparagine 

1 0 

2 9 

100 “ 

4 0 

3 2 

100 “ glucose 

4 0 

1 4 

100 “ 

4 0 

1 3 

100 “ glycine 

4 0 

2 5 

100 " 

4 0 

2 4 

None 

5 4 

1 6 

100 mg glucose 

5 4 


100 “ asparagine 

5 4 

2 S 


Table IV 
Effect of Inhibitors 

Washed Escherichia coli suspended in 50 ml of saline containing 200 mg percent 
of asparagine Incubated 6 hours at 37° 2 2 micromoles of labeled methionine 

added 


Inhibitor 

Labeled S 
found 
in proteins 

Inhibitor 

Labeled S 
found 
in proteins 




micromoles 
X JO* 

None 


6 7 X 10-> M NaCN 

0 0 

tt 


6 7 X 10-» “ “ 

0 1 

5 X 10"® M NaNj 

0 0 

0 1 M M NaF 

0 0 

6 X 10"» “ “ 

0 1 

0 1 M “ “ 

0 1 


in hvei IS dependent upon a supply of oxygen, and thus it is possible that 
the synthesis of peptide bonds is directly coupled with an eneigy-yieldmg 
oxidation Lipmann (5) has suggested that the eneigy for protein synthe- 
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SIS may be suppbed by adenosine tnphospbate (ATP), as has proved to be 
the case m many other endergomc biosjmtheses (5-7) Thus ATP maj’- 
react to form an amino acid phosphate and adenosine diphosphate (ADP), 
and the ammo acid phosphate may then couple with another ammo acid 
to foim a peptide and H3PO4, the net reaction being 

ATP + 2 ammo aoid = ADP + HjPO< + dipeptide 

Smce the hydrolysis of ATP is accompanied by a free energy change 
of about — 12,000 calories per mole and the energy required for the synthesis 
of a peptide bond is probably aiotmd 3000 calories pei mole (8), such a 
mechamsm vould provide the necessarj’’ drive for the synthesis of protein 
In fact, Boi-sook and Dubnoff (9) have presented evidence that such a 
mechanism is responsible for the biosynthesis of the peptide hrppuric acid 
by hver homogenates 

We have observed that 10“^ m ATP causes a small mciease m protein 
synthesis m our system, but the results were not outside of experimental 
error However, the inhibition by azide and cyanide is support for this 
mechamsm In line mth this pomt of view one may attnbute the inhibi- 
tion exhibited by glucose to the large excess of glucose acting as a phosphate 
acceptor and thereby diammg the supply of high energy phosphates 
Such would be the case if glucose were bemg converted to gl}’’cogen rather 
than undergoing oxidation to pyruvate Certainly this aspect of protein 
synthesis is worthy of further investigation 

Fluonde usually inhibits enzymes which are activated by calcium or mag- 
nesium The inlnbition exhibited by this substance calls attention to the 
fact that when the Escherichia coh cells are washed and resuspended in 
saline the salt content is probably decreased below normal by diffusion mto 
the medium It would be of mterest to examine the effects of various im- 
portant salts on the synthesis of protem 

Effect of Penicillin G — Pemcillm G was found to have a marked effect 
on the growth of heavy suspensions of Escherichia coh m a complete syn- 
thetic medium (10) Typical groivth cim^es are shown m Fig 1 In the 
presence of pemcillm, after a shght mitial growdh there is a marked decrease 
m the number of cells present The dotted hne shows the "growTh” cur\ e 
for a sahne suspension with 01 without pemcillm The stnkmg effect of 
pemcillm on the numbei of bacteria wns not detected m the non-gi owing 
system 

Table V shows the effect of pemcillm on piotein synthesis A small and 
barely significant decrease, of the order of 12 per cent, was obsennd in the 
uptake of methionine These results mdicate that pemcillm must exert 
its effect on some aspect of growth other than protem sjnthesis, at least as 
indicated by the incorporation of methionine 
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Effect of Sulfanilamide — In a lieavy suspension sucli as was used in this 
work, it was difficult to demonstiate any effect of .sulfanilamide on giowth 
Fuithermore it must be consideied that methionine is one of the substances 
which antagonizes sulfanilamide Fig 2 shoMs that 300 mg pei cent of 
sulfanilamide will inhibit the giowth of such a suspension, although not 
completely, and that methionine m the concent) ation used partially ic- 
verses this effect As is illustiated b 3 \Tablc VI, 300 mg pei cent of sul- 
fanilamide cause a roughly equivalent inhibition of piotein s 3 ’'nthesis in 
the non-gioivmg bacteiia of between 20 and 40 pei cent, an amount suffi- 
cient to account foi its effectiveness as a bacteiiostatic agent undei these 
conditions 



Fiq 1 Effect of crystalline penicillin G on the growth of Escherichia coli in a 
nutrient medium The dotted line shows “growth” in saline suspension, with or 
without penicillin 

Fig 2 Effect of sulfanilamide and of methionine -f- sulfanilamide on the grow’th 
of Escherichia coli in a nutrient medium 

If this IS the mechanism of action of sulfanilamide, how ever, p-amino- 
benzoic acid (PAB) should leveise the inhibition of protein synthesis, since 
it causes a complete leveisal of the effect of sulfanilamide on giowth in the 
complete nutrient medium For example, 6 mg pei cent of PAB added to 
the sulfamlamide-inhibited cultuie m Fig 2 give a cuive closely following 
the normal control How^evei, PAB in these concentiations m the saline 
suspensions proved to exeit a definite inhibition on the synthesis of pro- 
tein, and wffien added simultaneously wnth sulfanilamide, the inhibition of 
protem synthesis w’’as much greatei than wnth sulfanilamide alone 

A similar result has been reported by Clifton and Loewnngei (11), wffio 
have found that the oxygen uptake of w^ashed Escherichia coh in the pies- 
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ence of glucose or anuno acids is inhibited b} sulfanihinide Thei i\ ere 
unable to reA'erse this effect inth PAB and report in fact that PAB u as 
inhibitory itself 

Thus the inability of PAB to rea erse the effect of sulfanilamide on piotein 
SATithesis Mould indicate, at first glance that this step 1*5 not the one which 


Table V 

Effect of PemctlUn on Prolan Si/nihesti 
Preparation as in Table IV 4 0 micromoles of labeled methionine added 


Inhibitor 

Labeled S found in proteins 


ntcrorneVj X 10* 

None 

2 9 

ft 

3 2 

10 mg penicillin 

2 3 

10 “ 

2 6 


Table VI 


Effect of Sulfantlamide and p-Armnob emote Acid 


Additions 

Labeled inethiomne 
added 

Labeled S found in 
proteins 


mtcromoles 

mtcromoles X /O* 

None 

8 6 

3 0 

tt 

S 6 

3 9 

300 mg % sulfanilamide 

8 6 

2 2 

300 “ % 

8 6 

2 0 

None 

5 4 

2 4 


5 4 

- 2 2 

300 mg % sulfanilamide 

5 4 

2 0 

300 “ % 

5 4 

1 8 

300 “ % “ + 6 mg % PAB 

5 4 

1 0 

300 “ % “ + 6 “ % “ 

5 4 1 

0 8 

None 

5 7 

4 0 

(( 

5 7 

3 3 

0 mg % PAB 

5 7 

1 7 

6 “ % “ . 

6 7 

! 

2 2 


the sulfonamides block in the growth process Howetei, it is iiecessaij to 
recognize the difference between non-piohfeiating washed cells in a saline 
suspension and the giowang microorganisms in a nutrient medium In the 
latter situation, PAB is probably convei ted to another metabolite, such as 
I pteioic acid dein atne, m which foim it counteracts the effect of the siil- 
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fonamide The saline suspensions may be unable to conveit it to the le- 
quired metabolite, and it is possible that PAB is itself inhibitoij’’ Until the 
role of PAB is clarified, it is not possible to say that the inhibition of protein 
synthesis exhibited by sulfanilamide is also the essential step m its bacteiio- 
static action 


SUMMARY 

It has been demonstiated that cashed cells of Eschei iclna coh incorporate 
methionine labeled with into non-diatyzable molecules by an enzymatic 
reaction This S3''nthesis of piotem occuis despite a net deciease in the 
numbei of cells piesent 

The groYiih factor asparagine has been shoY n to increase the synthesis 
Glycine exhibits a much smallei inciease, and glucose causes a definite 
inhibition 

Azide, cyanide, and fluoride inhibit piotem synthesis maikedly 

PemciUm G shoi\s a veiy small inhibition, insufficient to explain its 
striking effect on the gimidh of Eschenclna coh at coi responding concentra- 
tions 

Sulfanilamide causes an inhibition of protein sjmthesis m this sj’^stem to 
a degree approximately equal to its effect on gi on th Hoii e^ ei , the addi- 
tion of p-aminobenzoic acid does not leveise the inhibition of protein syn- 
thesis m saline suspensions contraij'' to its effect on giOYi-h m nutrient 
media In fact, p-ammobenzoic acid is itself inhibitoi 3’- to protein synthesis 
in the non-gron mg system 

We are indebted to Dr Harold Tarv ei foi the labeled methionine used in 
this investigation, and to Di D W MacCorquodale of the Abbott Labora- 
tories for a gift of the penicillin G 

This investigation was suppoited in pait b3’' a giant fiom the Office of 
Naval Research 
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THE PANTOTHENIC ACID CONTENT OF COENZYME A 
BY CHICK ASSAY* 

Br D IMABK HEGSTED and FRITZ LIPAIANN 

(From Ihe Deparlmenl of NulriHon, Harvard School of Public Heallh, the Department 
of Biological Chemistry, Harvard Medical School, and the Biochemical 
Research Laboratory, Massachusetts General Hospital, Boston) 

(Received for publication, February 3, 1948) 

Lipmann, Kaplan, Novelli, Tuttle, and Guirard (1) reported that, 
Avhereas concentrates of the coemyme required for acetylation (coenzyme 
A) showed no pantothemc acid activity by the ordmary microbiological 
assay, considerable amounts of jS-alamne were found after acid hydrolysis 
From this early observation, it was suspected that the coenzyme might con- 
tam combmed pantothemc acid w'hich was unavailable to Lactobacillus 
casei If such were the case, it seemed likely that chicks or other animals 
would be able to utilize this pantothemc acid, the animal would presumably 
have the mechanism for both the decomposition to, and the synthesis from, 
the constituent parts An early tnal 3 rielded promismg results, but, before 
sufficient matenal was available for adequate study, the above authors 
clearly demonstrated by other means that pantothemc acid was a constit- 
uent of the coenzyme (1) 

Lipmann, Kaplan, and Novelh (2) have shown that the pantothemc acid 
appears to be bound by two hnkages, one of which is to phosphate, as is 
mdicated by the activity of phosphodiesterase m hberatmg phosphate with 
simultaneous loss of coenzyme activity Both hnkages are essential for 
activity and both must be spht before the pantothemc acid becomes “free" 
when tested by microbiological assay This is accomphshed by intestmal 
nhosphatase and a pigeon hver enzyme together 

It was of considerable mterest therefore to determme the availabihty of 
the pantothemc acid in coenzyme preparations for the chick, smce it now 
appears that much of the pantothemc acid m certam foods is present as the 
coenz 3 mie We have compared the potency of two preparations when 
admmistered both orally and mtraperitoneally For comparative purpose 
the activity of calcium pantothenate given by these two routes was deter- 
mmed 


EJCPERISrENTAL 

Day-old white Leghorn cockerels were used m all of these studies They 
were fed a commercial chick mash for 4 daj s and then gn en a purified diet 
low in pantothemc acid This diet was the same as that used by Hegsted 

* Supported in part by a grants in aid from the Nutrition Foundation, Inc , and 
the Commonwealth Fund 
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and Periy (3) ith the single exception that only 5 pei cent of corn oil was 
added lather than 10 pei cent Aftei 4 oi 5 days, when gioivth had ceased 
in most of the chicles, the}^ iveie divided into comparable groups containing 
five chicks each and given daily supplements as indicated below Oral 
doses w’^eie mtioduced dnectly into the ciop ivith a giaduated pipette 

Calcium pantothenate solutions w'cie made fieshly eveiy 4 or 5 days in 
watei to contain 100 y of calcium pantothenate pei ml Coenzj^me solu- 
tions were made ever}'- 2nd day to equal tins pantothenic acid concentration 
according to the lesults of miciobiological assay, sufficient NallCOs being 
added to cause complete solution .Ml solutions weie kept m the refrig- 
eratoi 

Of the thiee assays lepoiled, Assa3f ] was completed in 10 daj’-s and 
Assa}'' 2 and Assaj’’ 3 in 8 da3'’s The gam m weight foi each cluck dunng 
this peiiod was calculated by aveiagmg the weights of each chick foi the 
last 3 daj'-s of the stud3'' and subtiactmg the ongmal weight This gives 
somewhat moie consistent lesults tlian simpb’’ using the w'ciglit found on the 
last day, since daily gams are usualb'’ erratic 

The chicks which received oid doses of calcium pantothenate w^eie con- 
sidered to be the standard to which results with othei supplements w'eie 
compared A smooth cun'-e w^as diawm through the mean w'eight of 
these groups and the relative pantothenic acid activity of the other supple- 
ments lead fiom tins curve 

Two coenz3une preparations were tested Prepaiation 1 contamed23 y ' 
of pantothenic acid b3f microbiological assa3" and 35 units of coenz3Tne 
activity pel mg (4) This was approximately 3 times as potent as Prep- 
aration 2 winch was found to contain 8 2 7 of pantothenic acid and 14 units 
of coenzyme activity per mg Neither preparation contained free panto- 
thenic acid for Lactobacilhts casei 


Remits 

The data fiom three assays in which the coenz3Tue preparations and cal- 
cium pantothenate w^eie compared by tw^ methods of administration aie 
shoivn in Table I The results ma3’'be briefly simrmaiized The adminis- 
tration of coenz3rme intiaperitonealb'- resulted in the gains expected from 
the pantothenic acid content deteimmed by microbiological assa3'^, that is, 
the cluck assay agieed wuth the microbiological assay and appaientty all of 
the pantothenic acid was available to the chick 
In parallel experiments the oral doses yielded consider abb'" smaller gams 
than were expected, indicating that the chicks w'ere able to utilize only from 
43 to 85 pel cent of the pantothenic acid m the coenz3'me preparations 
The oi’^er-all mean of the test gioups shows onb^ 61 per cent activity by oral 
admmistiation compared to 99 per cent by injection 
A similar mean of aU the gioups given calcium pantothenate by injection 
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show s an average of 96 per cent activity compared to calcium pantothenate 
given orally It thus appears that calcium pantothenate is equallj^ active 


Table I 

Comparative Potency of Pantothenic Acid and Coenzyme A by Two Methode 

of Administration 


Panto- 

Method of I Daily I 
administration dose ! 


Pantothenic acid 
determined 


In Per cent 
dafly or 
dose expected 


Intrapen 


" “ 2, “ j 5 22, 42 4 I 27 0 3S Oj 90 

* Calculated for calcium pantothenate, as determined by microbiological assa\ 
for the coenzjme preparations 


by either route of admmistration and that the lov actn itj of the coenzt me 
preparation when giten orallj results from a failure of absorption from 
one cause or another Since the activity of mjected coenzjnne is accounted 
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for by its pantothenic acid content, it is nnlilcely that the coenzyme is 
utilized as such without prioi hydiolysis 

DISCUSSION 

The data show that without any pievious tieatmcnt, coenzyme A, when 
given intrapeiitoneally, is utilized in place of, or as well as, free pantothenic 
acid When given oially, a somewhat less complete utilization was ob- 
served, amounting to about two-tlurds of the theoretical pantothenic acid 
value The present data thus confirm, qualitatively and quantitatively, 
earher data obtained on the pantothenic acid content in coenz 3 Tne A prep- 
aration 

The data repoited, fuitheimoie, explain obseived disci cpancies between 
the chick and mici obiological tests foi pantothenic acid It has been knovm 
for some time that various mateiials, paiticularly j^east, liver, and other 
animal oigans, yielded highei pantothenic acid values by the chick than 
by the microbiological assay (5, 6) As leported elsewhei e, the pantothenic 
acid in all living cells is bound to a laige extent as coenzjone It is liberated 
incompletely, but to a varying extent, by autob^sis and the oldei methods 
of enzymatic hydiolysis for microbiological assay The earliei micro- 
biological values must, thei efoi e, be considei ed as distinctly too low Cluck 
assays more nearly reflect the true pantothenic acid content, but may be 
expected to be somewhat low, depending upon the availabihty and the 
amount of coenzyme present As is the case with several of the vitamins 
and mineials, the question of availability to the animal must be considei ed 
as well as the total pantothenic acid content 

SUMMARY 

Cluck assays for the pantothenic acid content of coenz 3 ’'me A showed that 
when given intrapeiitoneally it was as active as fiee pantothenic acid, and 
the chick assay agreed with the impioved mici obiological assay in which 
phosphatase and liver enzyme aie utilized to liberate the pantothenic acid 
By 01 al admmistration, howevei, an aveiage of only 61 pei ceni of the 
theoietical activity was found Pantothenic acid itself was equally active 
by either method of administiation 
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OBSERVATIONS ON BLOOD ACETOL AFTER ADMINISTRATION 
OF ACETOL, METHYL ALCOHOL, AND FORMALDEHYDE 

TO RABBITS 

Bt W MORTON GRANT 

{From the Howe Laboratory of Ophthalmology, Harvard Medical School, Boston) 
(Received for publication, February 3, 1948) 

The possibihty that acetol (acetylcarbmol) might be formed m methyl 
alcohol poisoning by the reaction of pyru\ic acid and formaldehyde is 
suggested by the biological formation of the higher analogues, acetyl- 
methylcarbmol (acetom) and acetylethylcarbinol, by the reaction of py- 
ruvic acid with acetaldehyde and propionaldehyde respectively The 
conversion of acetaldehyde to acetom has been demonstrated zn mvo by 
Stotz, Westerfeld, and Berg (11), and the conversion of propionaldehyde 
to acetylethylcarbmol by a carboxylase preparation from anunal heart has 
been established by Berg and Westerfeld (1) 

CHiCOCOOH + ECHO CHjCOCHsOH + CO- 
CHjCOCOOH + CHiCHO — CH,COCH{OH)CH, + COi 
CHjCOCOOH + CjHsCHO -» CHjCOCH{OH)C:Hj + CO. 

The biological production of formaldehyde from methyl alcohol has 
been detected by qualitative tests of unstated sensitivity, but the possi- 
bihty of acetol formation appears not to have been mvestigated For- 
maldehyde has been reported to occur m methyl alcohol poisonmg m 
vanous organs by Pohl (9), m the vitreous humor and peritoneal flmd by 
Keeser (5), and m blood serum, urme, spmal flmd, and aqueous humor by 
Palmer and Harrop (8) Traces of formaldehyde have been detected m 
meubated mixtures of methyl alcohol with liver by Keeser and Vmcke (6) 
and vuth bram and vitreous humor by Keeser (4) Detection of only 
traces of formaldehyde has m each instance been attnbuted to a high reac- 
tivity of formaldehyde which prevents its persistence and accumulation 

Observations have previously been made on the effect of admmistration 
of acetol to animals, but ivithout reference to any relationship to methyl 
alcohol or formaldehyde metabolism Greer, Witzemann, and Woodyatt 
(3) fed acetol to dogs m doses of 2 gm per lalo, producing hematuria and 
hemoglobmuria, but not death Stohr and iMuller (10) fed 1 to 2 gm 
of acetol pel kilo to fastmg rats, causmg elevation of the blood acetol con- 
centration to 98 to 225 mg per cent at the end of 3 hours, but vith no 
toxic reaction discermble grosslj' or by any alteration of liver glycogen, 
alkah rescr\ e, or urme protem content This low toxicity found for acetol 
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suggests that the foimation of this substance m meth}’’! alcohol oi foimaldo- 
hycle poisoning A\ould not contiibute much to into\uation but might lathoi 
constitute a detoxication mechanism 

In the piesent study the latc at which acetol is iemo\cd fiom the lilood 
stieam has been detei mined and measuiements have been made of blood 
acetol concentiation aftei administiation of methyl alcohol and foimaldc- 
hyde to labbits The possible extent of con\eision of methyl alcohol and 
foimaldehj’-de to acetol has been estimated fiom the blood analysis values 
and the leaction lates involved 

The measuiements of blood acetol in the ine‘'ent voik have been made 
by a coloumetiic method -Mhich is moic sensitive than tlu* titiimetnc 
method employed bv Stohi and Mullci (10) Then pioceduie consisted 
of heatmg blood filtiates vith Fohn-Wu phosphomolybdio acid leagent to 
give a blue coloi vliich was bleached by titration vith potassium 
pennanganate, lequiiing 4 4 ml of 0 01 N oxidizing solution foi 1 rag of 
acetol It V as found on attempting to utilize then pi occduie that the end- 
point was difficult to lecogmze and that dnect application of colorimetry 
was not satisfactoiy In the new piocedure, a more satisfactoiy color 
leaction foi acetol was obtamed with a phosphomol 3 ’’bdic-phosphotungstic 
leagent To elmimate most of the substances of blood which can inteifeie 
in this leaction, simple low tempeiatuie vacuum distillation was emploj’’ed 
pi 101 to analysis 

Method foi Deieivnnation of Acetol in Blood 

Hepaiinized blood is depioteiinzed bj'’ mixmg 1 ml with 2 ml of 5 pei 
cent sulfosalicyhc acid * The mixtuie is centiifuged and 1 to 2 ml of the 
supernatant fluid aie vacuum-distilled in a simple apparatus w'hich has been 
previouslj’' desciibed (2) In this appaiatus the sample is allowed to distil 
to diyness at lOom tempeiatuie, condensing at the tempeiatuie of diy ice 
It IS comenient to peimit seveial samples to distil simultaneouslj'^ ovei- 
night 

Foi coloumetiic deteimination of acetol in the distillate, the chiomogemc 
leagent is piepaied by dissolving 26 gm of phosphomobdidic acid and 2 gm 
of phosphotungstic acid m sufficient w^atei at loom tempeiatuie to give a 
volume of 80 ml , and then addmg 10 ml of concentiated hydiochloiic acid 
and 10 ml of 85 per cent phosphoric acid, followed b}'’ lemoval of anj"^ in- 
soluble mateiial hy centiifuging Coloi is developed by heatmg togethei 
1 ml of blood distillate and 1 ml of chiomogemc reagent on a boiling watei 
liath foi 15 minutes and then adding unmediately 2 ml of satmated sodium 

1 If simultaneous distillation and measureineiit of foimaldehyde and formic acid 
ire desired, the sulfosalic 3 dic acid solution should rontain 0 2 m sulfuric acid, iihioli 
does not influence determination of acetol 
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carbonate solution The blue color produced by acetol is measured photo- 
electncally Math an appropnate filter 
The colorimeter calibration cun'e for knoini amounts of acetol is deter- 
mined by means of a senes of standard solutions contammg 0 to 20 -y of 
acetoP per nal of watei The standards are allowed to leact i\'ith the 
chromogemc reagent and are alkalmized wnth sodium carbonate m the same 
manner as the blood distillates By using a Cenco photelometer ivith its 
red filter, a straight fine relationship is obtamed between the logaiithm 
of the gahanometer leadmg and acetol concentration, as shonm m Fig 1 



ACETOL MICROGRAMS PER MUJUTER 
Fig 1 Calibration curve for acetol determination 

The efficiency of the recot erj of acetol from blood b3 this method nas 
estimated by measurements on blood to tihicli known amounts of acetol 
had been added Bfiien 10, 100, and 1000 y of acetol per ml had been 
added, 90, 90, and 93 5 per cent lespectit elj' it eie recot ered In the calcu- 
lation of these lecoverj’’ talues, a correction ttas made for the tolumetnc 
change resulting fiom the removal of the non-t olatile components of blood 
and for the acetol blank for normal blood, ti Inch in a senes of determina- 
tions on noimal rabbits at eraged the eqiiit alent of 2 2 7 of acetol per ml == 

The possib]lit3" of interference m acetol determmation from metht 1 alco- 
hol or its oxidation products tt as eliminated b3 ascertammg that 5 mg of 
meth3l alcohol, 10 7 of formaldeh3’’de, and 1 mg of formic acid, singB and 

* The acetol used in this inv estigation was prepared bt the method of Le\ enc and 
Walti (7) 

’ The blank value obtained if the distillation procedure was omitted was equivalent 
to 250 of acetol per ml 
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collectively, gave no appiecmblc color in the acetol analysis, nor did they 
influence the lecoAeiy of 10 y of acetol 

LXPEIU MENTAL 

Determination of Blood Acetol Cmvcs — Rabbits veie injected in- 
travenously ^vlth a 10 pel cent solution of acetol in watei and heart blood 
samples weie taken at intenmls The data obtained by analysis of samples 



Fig 2 Decline of acetol concentration in blood of rabbits 


Table I 

Blood Acelol Values before and after Administration of Methyl Alcohol to Rabbits 


Amount of methyl 
alcohol 

Tune after injec 
tion 

Blood acetol concentration 


mxn 

1 y per ml 

I y per ml 

y per ml 

2 gm per kilo 

0 (Blank) 

2 5 (Rabbit A) 

0 3 (Rabbit B) 


intrave- 

30 

12 " " 

2 8 “ “ 


nously 

90 

3 0 “ 

4 2 “ “ 


4 gm per kilo, 

0 (Blank) 

0 6 ” C 

4 0 “ D 

1 S (Rabbit E) 

intraperi- 

210 

4 0 “ “ 

2 1 “ “ 


toneally 

270 



7 2 “ “ 


300 

4 2 “ “ 

4 5 



420 

2 8 “ “ 

2 1 “ 



from two rabbits which received 100 mg of acetol pei kilo aie given m Fig 
2 It appears fiom these data that the blood concentration decreases ex- 
ponentially with time and that the half life of acetol in the blood stream is 
approximately 30 mmutes The same ehaiacteristics weie obseiwed when 
the initial dose was reduced to approximately 40 mg per kilo 
Determination of Blood Acetol following Methyl Alcohol Administration — 
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jMethyl alcohol diluted -nath an equal volume of water was mjected m a 
smgle sublethal dose either mtravenously or mtrapentoneally mto five 
rabbits The results of blood acetol determinations before and at ^ anous 
periods after injection are given m Table I 
Deterrmnahon of Blood Acetol following Formaldehyde AdmimslTohon — 
solution of 5 mg of formaldehyde per ml of water vas mjected mtrave- 
nously m rabbits at vanous constant rates for varymg penods of time The 
rates and times v ere estabhshed by premous observations to approach maxi- 
mum sublethal dose conditions In nme out of ten instances the animals 
survived, although some mamfested severe temporary mtoxication 
Values found for blood acetol after administration of formaldehyde under 


Table II 


Blood Acetol Values during Intravenous Infusion of Formaldehyde 


Infusion rate 

i Duration of infusion 

f 

Blood acetol c 

Experimental 

oncentiation 

Corresponding blank 

mi perks permtn 

mtn 

7 per ml 

i 7 per ml 

1 08 

62 

2 4 

1 2 4 

1 26 

106 

1 5 

' 1 5 

1 59 

50 

7 2 

2 1 

1 64 

86 ‘ 

7 8 

1 8 

1 68 

159 

1 8 

1 8 

1 77 

60 

1 2 

3 2 

1 81 

101 

0 9 

2 1 

1 92 

9 

0 0 

3 2 

1 93 

44 

3 9 

2 6 

2 65 (Died) 

21 

2 4 

2 4 

Average 

2 9 

2 3 


these conditions are given m Table II along with the value for the blank 
blood from each rabbit for companson 

DISCUSSION 

The average values obtained for acetol m the blood of rabbits poisoned 
vnth methyl alcohol and formaldehj’^de m near lethal quantities exceed but 
slightly the average blank values for these animals Furthermore, the 
V anation in acetol concentration observed in the mdiv idual animals makes 
it unlikely that this small diffeience in the averages is significant VTiat 
this difference, if real, might mean mth respect to the possible extent of 
acetol formation from methj 1 alcohol or formaldehj de maj’ be estimated 
from the relativ e rates of disappearance of acetol, methj 1 alcohol, and for- 
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maldehyde It is leadily calculable, by utilizing the measured half life of 
acetol in the blood and the concentiations obtained fiom injection, that 
an mciease in blood acetol of the oulei of 2 7 per ml might be pioduccd in 
60 minutes by the continuous addition of acetol to the blood stream at the 
late of 40 7 pei lalo pei minute On the othei liaud, the theoictical poten- 
tial lates of formation of acetol from sublcthal amounts of methyl alcohol 
and foimaldehyde have been calculated to be appioximatel}'^ 1800 and 4400 
7 pel lalo pci minute, lespcctively, based on uniepoi ted data on the late of 
disappearance of methjd alcohol and foimaldeh3’’de The questionable in- 
crease in a\eiagc icetol concentialion which was ob^^cned e\pci iracntally 
w^ould, theiefoie, be equn aleiit to the coin eision to acetol of not more than 
appi o\imatel3’’ 1 to 2 pci cent of the melhvl alcoliol 01 foimaldehyde in- 
jected 

It ma}^ be concluded that ioimation of acetol fiom methyl alcohol 01 
foimaldehj'de m the rabbit does not occui to anj evtent which could be 
considered sigiiihcant with lespeet eithei to <111 into\ie.ition 01 a detoxication 
mechanism 


SUMMAllX 

The possibihtj’- was iniestigated that foimaldehyde might leact %n mvo 
with pjuuvic acid 111 <i maniiei malogous to acetaldehyde iiicl piopionalde- 
hyde The ( oncentiatioii ol the postulated jnocUul, acetol was detei- 
mined coloiimeliu illy 111 blood samples by leietion with a mixluie of 
phosphotungstic and phosphomoljdxhc acids aflei low temiieialuic ^ aciiuni 
distillation liom blood filtrate \Adien .icetol w is injected in well toleiatecl 
doses of 40 to 100 mg pei kilo mtiaienously m 1, dibits, it had a half life 
in the blood stream ot 30 minutes and disappeared exponentiallj’ with time 
AVhen sublethal amounts of methjd alcohol 01 foimaldehj'^dc w'eie admin- 
istered, not more than 1 to 2 pei cent, if an3 , w as convei ted to acetol 
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ON THE USE OF THE NEPHEECTOMIZED EAT FOE 
THE STUDY OF EAPID CHANGES IN 
NITEOGEN METABOLISM* 

By frank L ENGEL.t E IRENE PENTZ.J avd MILDRED G ENGELf 

(from the Department of Medicine, Emory Umierstty School of Medicine, and the 
Medical Service, Grady Hospital, Atlanta) 

(Receued fur publication, Januar% 21, 1948) 

With the exception of some recent apphcations of the isotope techmciue 
(1), studies concerned itnth endoenne influences o\er nitiogen metabohsm 
have depended largely on the use of the com entional mtrogen balance tech- 
mque or on measurements of tissue mtrogen While these methods hat e 
juelded valuable information about o\ ei-all changes m nitrogen metabohsm, 
they do not offer much opportunity to detect small or transient shifts in 
protein metabohsm or to establish tune relationships ttnth hormone action 
when the latter are rapid or of bnef duration The importance of bemg 
able to measure such small and rapid changes in mtrogen metabolism is 
emphasized by lecent studies which indicate that certam of the hormones 
concerned in nitrogen metabohsm, and particularly the adrenal cortical 
hormones, act more rapidly than had been once thought (2) E\ndences 
of adrenal cortical actuity can be demonstrated as soon as 20 mmutes 
following the mjection of potent cortical hormone or after admimstration 
of adrenocorticotropic hormone By the conventional methods for studj - 
mg nitiogen metabolism it is not possible to detect the eaihest changes 
attendant on hormone action Furthermore, the 12 to 24 hour unnar 3 ' 
nitrogen excretion may reflect not only the effects of the hormone itself, 
which maj”^ be short hved, but the secondary homeostatic changes as well 
Accurate collections of unne for less than 12 hours are difflcult w hen small 
animals such as rats are used In order to obtam more information con- 
cemmg factors mvolved m the endoenne control of mtrogen metabohsm, 
this mvestigation of use of the nephrectomized rat for the study of rapid 
changes m nitrogen metabohsm was begun 

Smee urea, the end-product of protem catabohsm, is freely diffusible 
throughout the body water, measurement of its rate of accumulation m 

* 4ided by grants from the Committee for Research in Endocnnolog^ of the Na- 
tional Research Council and the Umversit\ Center Research Committee of Georgia 
A prelimmarj report was made to the Southern Societj for Clinical Research, Jan- 
uary 25, 1946, at New Orleans, Louisiana 

t Present address. Department of Medicine Duke L ni\ ersit j School of Medicine 
Durham, North Carolina 

t Present address, The Wilson Laboratories Chicago, Illinois 
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NITROGEN METABOLISM 


the blood of the nephrectomized animal should be a diicct measure of pro- 
tem metabolism, and, indeed, has been so used bj'- several investigators 
(3, 4) If the rate of uiea foimation can be shovn to be i datively constant 
from hour tohoui, if a sufficiently sensitive method foi uiea determination is 
used, and if no significant changes in body watei occur, it should be possible 
to detect small changes in nitrogen metabolism b}'’ this teclinique These 
criteria were met m this investigation It was found that the hourly rate 
of urea formation in the nephrectomized lat lemains i datively constant for 
at least 22 houis Changes in urea nitrogen foimation smaller than 1 0 
mg of mtrogen per 100 gm of body weight per hour could be detected with 
a high degree of accuracy By using biief peiiods of obseiwation, possible 
changes in body water were minimized 

Methods 

Male albino lats of the Sprague-Dawlej”- strain, weighing from 200 to 
250 gm , were used The animals were fed Rockland rat chow until the 
tune of nephiectomy Bilateial nephiectomies tlnough a lumbar approach 
were peifoimed under pentobarbital in saline After nephrectomy the rats 
were allowed free access to water but not food Weight iccords were kept 
to detect any undue fluctuations not explicable by the overnight fast The 
animals were operated on in the late afternoon and experimental procedures 
began the following moining, 16 hours postopeiativdy The rats were 
kept in an air-conditioned room at 24-27° aftei nephrectomj’- Urea mtro- 
gen determinations weie earned out in quadiuplicate on 0 5 ml of a 1 50 
tungstate filtrate from 0 2 ml of tail blood by means of the microphoto- 
metric xanthydrol method of Engel and Engel (5) Blood was collected 
at the time of nephrectomy and at the 16th, 19th, and 22nd hours after 
operation The rats were kept undei light pentobarbital anesthesia for 
the blood collections Changes m urea mtrogen were expressed as mg of 
urea nitrogen synthesized per 100 gm of body weight per hour, and calcu- 
lated on an assumed equal distribution of urea tbioughout the total body 
water The total body water wa s taken as 63 per cent of the body 
weight (6) 


Results 

Table I summaiizes the results of these experiments 113 rats, m which 
the rate of urea synthesis was determined during the first 16 hours after 
nephrectomy, had a mean rate (with standard error) of 2 95 ± 0 05 mg of 
N per 100 gm of body weight per hour 201 rats, mcluding the above and 
representing the control 3 hour period for all animals studied between July, 
1946, and March, 1947, sjmthesized urea during the 16th to 19th hours after 
nephrectomy at a rate of 3 02 ± 0 08 mg of N per 100 gm of body weight 
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per hour Companson of the rates of urea sjuithesis during three succes- 
sive penods, 0 to 16 hours, 16 to 19 hours, and 19 to 22 hours, after nephrec- 
tomy show s an equally good correspondence m tv enty seven animals, the 
rates being respectively 2 68 ± 0 13, 2 80 ± 0 19, and 2 85 ± 0 18 mg of N 
per 100 gm of body weight per hour From these results it is clear that 
under the experimental conditions herem descnbed the rate of urea forma- 
tion remains qmte constant during the arbitrary penods chosen after 
nephrectomy This is again demonstrated m the next seven groups of ex- 
periments recorded m Table I m which the effects of several substances 


Tvble I 

Studies of Nitrogen Metabolism in Nephrectomized Rats 


Senes 

No 

Procedure 

No 

of 

1 Urea N, mg N per 100 gm 

body weight per hr • 

rats 

0 to 16 hrs 

16 to 19 hrs 

19 to 22 hrs 

Ft 

1 

2 

CJontrol 

tt 

113 

201 

2 95 ± 0 05 

3 02 ± 0 08 



3 

it 

27 

2 68 ± 0 13 

2 SO ± 0 19 

2 85 i 0 18 

0 5 

4 

Amigen (8 4 mg N per 
100 gm ) 

19 

3 11 ± 0 10 

2 99 ± 0 32 

4 35 d: 0 19 

<0 01 

S 

Vuj-n (10 4 mg N per 
100 gm ) 

24 

2 90 * 0 12 

3 07 db 0 23 

4 25 d: 0 23 

<0 01 

6 

Cortin (0 4 ml per 100 

em ) 

18 

3 07 ± 0 10 

2 97 ± 0 21 

3 43 dr 0 26 

0 2 

7 

Cortin (0 8 ml per 100 
gm ) 

13 

3 04 ± 0 18 

2 86 ± 0 22 

4 09 dr0 34 

<0 01 

8 

9 

Cortin (1 2 ml per 100 
gm ) • 

Cortin (2 0 ml per 100 
gm ) 

12 

12 

3 69 ± 0 10 

2 76 ± 0 21 

2 90 ± 0 32 

3 72 i 0 26 

4 03 dr 0 34 

<0 01 

<0 01 

10 

Desoxycorticosterone 
acetate + Vuj -n (10 4 
mg Iv per 100 gm ) 

/ ; 

3 11 ±0 16 

2 81 ± 0 26 

4 36 dr 0 16 

<0 01 


* Standard error = Vztr/CnCn - 1;) 

t Level of significance between the 16 to 19 hour and 19 to 22 hour penods 


affecting urea production v ere tested In five of the six groups measured 
the 0 to 16 hour rate of urea sjmthesis ranged between 2 90 and 3 11 mg 
of N per 100 gm of body weight per hour, v hile m the SLxth it v as 3 69 ± 
0 16 mg of N per 100 gm of body weight per hour, a value sigmficantly 
higher than the others The only explanation for this smgle discrepancj 
in the whole senes is that at the time this group v as exammed the room m 
which the animals were kept got unusually cold, thereby possibly stimulat- 
mg the basal rate of mtrogen metabolism It w ill be noted that this high 
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late had fallen to normal aftei 16 hours in the air-conditioned loom In 
seven gioups of rats, including fiom seven to twenty-foui animals per group, 
the control 3 hour peiiod of urea synthesis fiom the IGth to 19th liours 
postopeiatively langed between 2 76 ± 0 21 and 3 07 zb 0 23 mg of N 
pel 100 gm of body weight per hour 

The data m Senes 4 to 10 illustrate the application of the method to the 
detection of changes m nitrogen metabolism aftei vaiious expenmental pio- 
cedures^ followmg a 3 hour control peiiod 16 houis after nepliiectomy 

In Senes 4, 8 4 mg of N per 100 gm of body weight as a sterile 8 per 
cent solution of casein hydrolysate (amigen) was injected intiavenouslyinto 
the external saphenous vein at the 19th houi after ncpluectomy During 
the 3 houi contiol period pnor to injection, uiea N was being foimcd at the 
rate of 2 99 d= 0 32 mg of N pei 100 gm of body weight pei houi , v hile 
during the 3 houis aftei injection the houilj’^ rate increased to 4 35 ± 0 19 
mg of N pel 100 gm of body weight This lepresents an inclement of 
1 36 mg of N per 100 gm per hour or 4 08 mg of N m 3 hours, t e , the 
equivalent of 48 5 pei cent of the mjected nitrogen was converted to urea 
With anothei ammo acid mixture, Vuj-n (Senes 5) as a sterile 8 per cent 
solution and at a dose level of 10 4 mg of N pei 100 gm of body weight, the 
uiea synthesis increased from 3 07 i 0 23 to 4 25 0 23 mg of N pei 100 

gm of body weight per houi, a rise of 1 18 mg of N pei 100 gm of body 
weight pel hour, lepiesenting the conveision to uiea in 3 hours of an amount 
of nitrogen equivalent to 34 0 per cent the ^’’uj-n nitiogen mjected This 
mixtuie, devised by Madden et al (7), consists of the ten essential ammo 
acids plus glycine The changes followmg injection of both ammo acid 
mixtures weie highly significant statistically (P<0 01) Although the ex- 
penmental penods chosen weie 3 liours, it should be pointed out that we 
have shown m pievious woik (8) that the majoi conveision of ammo acids 
to urea actually occuis during the fiist 2 houis aftei injection 

In Senes 6 through 9 the effects of mci easing doses of aqueous adrenal 
coitical extract on uiea formation are described The extract was admm- 
istered subcutaneously m divided doses at the 16th and 17th hours aftei 
nephiectomy, blood being collected as befoie for urea deteimmation at the 
tune of nephiectomy, 16, 19, and 22 hours postopeiatively No changes 
were noted dm mg the fiist 3 hour penod Dunng the second 3 houi period 
a statistically significant mciement (P <0 01) occuned uith all doses 
tested except the smallest, 0 4 ml per 100 gm (P = 0 2) The significance 

* Wc arc indebted (o Dr Warren M Cox, Jr , of Mead Johnson and Company for 
the amigcn, 1o Dr D F Robertson of Merck and Companj’^, Inc , for Vuj-n ammo 
acid mixture, to Dr D J In^lc of The Upjohn Company for aqueous adrenal cortical 
extract, and to Dr E Opponheimer of Ciba Pharmaceutical Pioducts, Inc ,fordes- 
oxycorticosterone acetate 
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of these changes will be the subject of a later report In Senes 10, the 
rats received 5 mg of desoxi'ccrticosterone acetate for 7 days, and then the 
basal urea formation and that after 10 4 mg of X per 100 gm of body 
weight as Vuj-n were studied following nephrectomj’’ The deso'^ycorti- 
costerone was found to have no apparent effect on either of these processes 

DISCUSSION 

The data presented show that under the conditions descnbed the rate of 
urea accumulation m the nephiectomized lat is relatively constant for at 
least 22 hours postoperatively With a sensitive micromethod for urea 
determination, changes m urea production durmg arbitranly chosen bnef 
mtervals can be readily detected If the data from the 201 control 3 hour 
penods of urea formation (3 02 mg of X per 100 gm of body weight per 
hour with a standard deviation of ±1 01 mg and a standard error of ±0 08 
mg ) are used, and if a difference between the means of 2 6 tunes the standard 
error of the difference of the means as the cntenon of statistical sigmficance 
IS accepted, it is possible to estimate the number of animals necessaiy to de- 
tect differences of varying magnitude m urea formation by^ this technique 
(9) ® Assuming that all other conditions are kept constant as m the exper- 
iments reported, a group of mne to ten animals should suffice to reveal a 
change of 0 75 mg of X per 100 gm of body weight per hour, w hile a change 
of 0 50 mg of N per 100 gm of body w'Pight per hour would be significant 
in a senes of twenty or more rats 

The method is simple, accurate, and leliable and is applicable to a vaiiety 
of problems in nitrogen metabolism It has been used m a study of mtrogen 
metabolism dunng hemorrhage and shock (8) In this study 1 hour penods 
were successfully^ compared The changes follow mg injection of ammo 
acid mixtures descnbed m the present report suggest a possible method 
for assaying such mixtures foi their utilization and toxicity^ We haie 
found® that when solutions of amigen became bactenally contaminated their 
injection resulted m the production m 3 hours of an amount of urea nitro- 
gen representing better than 100 per cent of the injected nitrogen, mdicatmg 
an actual stunulation of the catabolism of tissue protem by the mjection 
These findings emphasize the necessity' for caution and careful controls be- 
fore mterpretmg mcreases m urea after mjection of test matenals as cither 
commg from the mjected substances or as representmg a stimulation by 
them of other than a non-specific protem catabohc response 

’N ■= where A = number of aimmls, / = 2 G, s = standard doimtion 

from the mean, and (A'— m) = the difference in urea N ‘!\nthesis from a mean control 
period in mg ofNperlOOgm per hour 

® t’npublishcd observations 
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Foi best lesults, ngid contiol of the enviionmcutal conditions of the 
lats befoie and duiing the c\penmcntal pciiods is nccessaiy The diet 
must be kept constant A senes of animals examined concuirently with 
the above animals, but kept on a synthetic diet low m potassium, had a 
lower basal late of uiea pioduction (10) llats of a diflerent stiain, which 
were fed Purina fox chow supplemented with livei now being studied, also 
show a diffeient basal rate from the senes desenbed here 

From the standpoint of interpretation of basic metabolic mechanisms, 
this method has obvious disadvantages The opeiation icpresents a stress 
which has its own lepeicussions on nitrogen metabolism and may thereby 
alter the response to any given test matenal m an as yet unpi edictable 
manner In the absence of the kidne3’’s senous metabolic derangements 
consequent to uremia eventually occur, making mteipretaion in terms of 
noiTQal metabohsm impossible This is leflected in nitrogen metabolism by 
a constantly acceleiatmg late of urea production beginning about 30 hours 
after nephrectomy and continuing until death This acceleration does not 
occur m the adrenalectomized lat (10) By using animals only during the 
penod of constant urea production and foi short periods this factor is largely 
obviated 

Anothei potential source of erroi is the aibitiary use of 63 per cent of the 
body weight to lepresent the total body watei This figuie lepresents only 
an approximation which without actual determination in each animal may 
mtroduce an eiror In any given anunal, hoivevei, this erior would enter 
equally into the control and experimental peiiods and hence not affect the 
difference In a given seiies, the eiior would contiibute to the variations 
in both peiiods It is unlikely that important changes occur in w^ater con- 
tent in the brief periods chosen by us for these studies, since weight lecords 
have revealed no significant fluctuations 

In previous reports (8, 10-13), 75 per cent of the body weight wms used 
as an index of total body watei Although theie aie some lepoits of val- 
ues as high as tins (14), the best evidence indicates that 63 per cent is 
closer to the tiue value (6, 15) Foi the puipose to w’’hich these studies 
have been put, % e the compaiison of the effects of different experimental 
pioceduies on the rate of piotein catabolism, the use of the higher figuie 
for body ivater does not affect the lesults How'evei, if infoimation about 
the absolute lei'^el of uiea production is desired, a significant eiror w'^ould 
be introduced by its use 

It IS impoitant to avoid taking too large or fiequent samples of blood, 
as it has been showm that smafi hemorrhages (2 pei cent of body w^eight) 
may stimulate and large hemorihages (greatei than 2 5 per cent pf body 
weight) may depress urea synthesis in the lat (8) 
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StniMABY 

A study of the rate of blood urea nitrogen accumulation durmg the 
first 22 hours following bilateral nephrectomy as a measure of protem metab- 
ohsm m the rat is presented It is shown that this rate is constant enough 
to make possible the detection m bnef penods of changes m mtrogen metab- 
olism of the order of 1 0 mg of N per 100 gm of body weight per hour m 
groups as small as ten animals The uses and hmitations of the method for 
the study of mtrogen metabolism are discussed 
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THE DISTRIBUTION OF POTASSIUIVI ISOTOPES IN 
BIOLOGICAL MATERIAL 

By LORm J MULLEs'S* and KARL ZERAHR 

{From the Institute for Theoretical Physics, University of Copenhagen, 
Copenhagen, DenmarJ) 

(Received for pubbcation, January 12, 1948) 

A suggestion that the isotopic composition of K isolated from biological 
material might be different from that of mmeral K was offered by Lormg 
and Dmce (1), ivho claimed that K from the ash of potato stalks had an 
atomic w eight of 40 5 and a radioactmty much greater (as judged by its 
action on photographic paper) than mineral K These observations were 
repeated and extended (2), with the additional finding that dead wood did 
not show such a sepaiation of the K isotopes The above observations 
vere not confirmed, however, by several investigators (3-6), aU of whom 
found no difference m the atomic weight of K from plant as contrasted inth 
mmeral sources Usmg a photographic method, Ernst (7) was led to con- 
clude that K from different organs of man and animals was much more 
active than ordmaiy mmeral K Pohimaim and Netter (8) and Pohhnann 
(9) m an analysis of K from both plant and animal tissue, with a Geiger- 
Muller counter, concluded, however, that any difference m the radioactivity 
of such K from that of mmeral K must be less than 5 per cent 

One difficulty with v ork on this question v as the relative maocuracy of 
methods of measurmg and another the lack of knowledge regardmg the 
identity of the K isotopes The isotope K'*'’ was detected by Nier (10) who 
suggested that it was the radioactive isotope, a view subsequently con- 
firmed (11) An exammation of the radioactmty of K isolated from tumor 
tissue Mas made by Lasmtzki (12) who found no emdence of a separation of 
isotopes within about 2 per cent \ similar result was found (13) for K 
isolated from rabbit muscle 

^Oiile the above measurements were being made on the radioactivity of 
K (c g the isotopic content of K-"®), another senes of estimations was earned 
out on the distnbution of the K'** isotope m biological matenal The v an- 
ous K isotopes are distnbuted approximately as follows K®® 8200, Iv’° 1, 
K'" 580 Brew er (14) found that K from Pacific kelp is ncher m to an 
extent of almost 15 per cent over mmeral K Other plants w ere also found 
to differ from —2 to —3 per cent of ennehment m the heavy isotope 
'Hcasureinent of the isotope ratio Iv?® K^‘ for animal tissues (15) showed 
no V arntion except that bone marrow laid i slight enncliment m K^' (about 

* Resetircb Fellow of the Vmencan Scandinavian Foundation, New York 
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2 per cent) and the lining of the hcait was lower than noimal m K''* No 
isotope separation foi Li oi lib in the fossil Ciyplozoon was found (16), but 
an isotope sepaiation foi K of aioimd 2 pei cent was detected A summary 
of the above results is given by Biewci (17) A sepaiation of K” by tumor 
tissue to the extent that the latio is 1 pei cent less than in mmeial K has 
been repoited (18), while with Valonm and Nilclla saps Jacques (19) finds, 
on the basis of analyses by Biewei, that the isotope latio is only 

97 5 per cent of the noiTnal latio foi minoial K The accuiacy of the 
estimation is stated as 0 21 pei cent The isotope latios foi normal rat 
tissues aie given ( 20 ) as the same as foi mineral IC, except that bone, includ- 
ing marrow, had on the aveiage 2 5 per cent less that the noimal ratio 
Further results on tumoi tissue (21, 22 ) indicated that tumois were slightly 
more abundant in (to an extent of about 1 pei cent) The accuracy 
claimed was about 0 07 per cent The results of Fenn, Bale, and Mullins 
(23) on the isotope of ash from human souices, as measured with a 
Geigei -Muller counter, mdicatcd that K'’® is piobably 2 per cent less abun- 
dant m such biological ash than is mmcial K 

The more lecent results of Cook (24) make it necessary to viev all pre- 
vious data on K sepaiation detei mined with the mass spectrometei with 
caution Cook finds the best relative accuiacy obtainable in estimations 
of to be 1 pel cent, while the absolute accuiac}’- is 2 per cent He has 
determined the IG® ratio for various kelps, fossil Cryptozoon, and various 
minerals and can find no diffeience in the isotopic latio compared vith min- 
eral sources He has observed, however, that the mass spectiometer can 
itself cause “isotope effects” m the emission of K ions from its filament It 
seems that previous lesults showmg isotope separations may have resulted 
either from this error or from an oveiestimate of the accuracy of the method 
Since the only other estimate of K isotope sepaiation concerned a separation 
of in human ash, it was decided to measure the radioactivity of K from 
biological materials, advantage being taken of the more lecent develop- 
ments in Geiger counting techniques 

EXPERIMENTAL 

Potassium from wood was obtamed from the trunlcs of beech trees This 
wood was burned in a clay-lined stove and the resulting ash treated with 
water to extract the K For bone K, the long bones of cows and horses 
were ashed in an iron tray and distilled water peicolated over the ash for 
seveial hours From lava lock (Vesuvius) the K was removed bj”" bringing 
the rock in solution by HF in platinum, then treating with H 2 SO 4 , evapoiat- 
ing to dryness, and extracting with ivater KCl, Merck, foi analysis, was 
used as a contiol and treated for purification in the same manner as other 
KCl samples 
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All K solutions were made neutral or sbglitly alkalme, if not already so, 
and evaporated to a volume of around 50 ml Anj-^ precipitate vas filtered 
off and HCIO4 added m excess The resultmg KCIO4 vas filtered out upon 
gla^s filters and recrystalhzed from hot u ater two times, v ashed with abso- 
lute alcohol, and dned The perchlorate was then placed m a muffle oven 
and decomposed to the chlonde Temperatures of around 600° were found 
necessary to insure this conversion The resultmg chlonde was weighed 
to assure that the perchlorate was decomposed and the salt then dissolved 
m a small quantity of water and analytical grade HCl w as added to recrj's- 
talhze the chlonde The resultmg salt was filtered on glass, washed with 
HCl, and dned It was then heated to 400° and placed m a desiccator 
The salt was ground m agate to a uniform powder, a carefully weighed 
ahquot was taken for chlonde analysis by titration with Ag, and a sample 
(300 ±02 mg ) was secured for counting m aluminum dishes It was first 
thought that the most reproducible distnbution of KCl in countmg dishes 
could be obtamed by meltmg the KCl mto platmum countmg dishes 
Trials mdicated, howevei, that the anneahng of such melted salt was very 
difficult, and it proved impossible to prevent distortion of the platmum 
dishes and consequent countmg error due to asjunmetry of the dishes 
Alummum dishes with 300 mg of uniformly powdered KCl w^re found to 
give reproducible countmg characteristics, and w ere considerably easier to 
prepare It must be emphasized that the w eak link m many measurements 
of radioactivity is the lack of a reproducible geometr 3 >- for the samples as 
they are placed m the registration apparatus In our equipment, a change 
of position of the sample of 0 1 mm will pioduce more than a 1 per cent 
change in the resultmg count 

The apparatus used for countmg is a slight \ anation of one premously 
descnbed (25) and consisted essentially of a circular plate wuth six holes 
synunetncally distributed, each about 1 cm from the circumference These 
holes carry the countmg dishes, and the whole plate is rotated automatically 
at constant intervals of time to brmg each sample betw een tw o counting 
tubes placed abme and below the plate This arrangement provides a 
minimal sensitivity to changes m the height of the sample A change m 
the distance of the sample from the counter wall cause a change m the count 
of the sample '\^^len samples are rather close to the counter, the rate of 
countmg wull be inversely proportional to the distance (over small i anations 
in distance) This is the reason w hy changes m height of the samples will 
compensate each other when the results are expressed m per cent of a stand- 
ard for both countmg tubes, and a mean x alue taken The counts commg 
from the two amplifier circuits registered on a pair of the tw eh e telephone 
message counters necessary to record from each of the six countmg positions 
A cut-off sw'itch x\ as added to the circuit to prex ent the recordmg of any 
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counts during the time of lotation fiom somple to sample The entire 
opeiation of the equipment being automatic, it was possible to compare 
over long periods of time the activities of si\ samples vith only occasional 
leadmgs of the counters The equipment was provided with breaker con- 
trols which permanently shut off the appaiatus in case of cither a r or d c 
powei failure 

In malong measurements, tlnee samples of cow bone KCl ivcie placed in 
Positions 1, 3, and 5 and tluee KCl (Merck, purified as above) samples weie 
placed m Positions 2, 4, and 6 The appaiatus then was run foi 48 hours 
and the results noted, and then each sample was advanced one position in 
the plate and counting Avas carried on foi another IS houis Finally the 
samples weie replaced in then original positions and counted again for 48 
hours All samples were calculated to per cent of the standard, and the 
mean value of the counts recorded by the top and bottom counters taken 

Results 

Smee the accuracy of the measuiement of particles fiom radioactive sub- 
stances IS inveiseb’- proportional to the square loot of the numbei of counts 
obtained, it is obvious that to attain an accuracy of 1 pci cent one must 
measure 10,000 counts, wlule foi 0 1 per cent, 1,000,000 counts must be 
measured Our original plan ivas to measure to 0 5 per cent (c g 40,000 
counts) and as the K m the dishes gave approximately 30 net counts per 
minute, a considerable amount of time vas lequiied A pielimmary scries 
of countings was undei taken to deteimine the effect of diffeient amounts 
of KCl in the counting dishes The lesults of this sci les are shown in Table 
I It Avas possible to prepare KCl samples with less than 1 mg of deA lation 
from 300 mg and most AAeie exact to 0 2 mg Fiom Table I it can be 
seen that a change of weight of 1 mg makes a difference in count of onlj’’ 
0 1 per cent, so that there is a negligible erroi introduced in this v,ay A 
second contiol AAas necessaiy to be sure that one could detect a deciease in 
the coimt of the ordei of 2 per cent when a dilution of this oidei of magni- 
tude AAas piesent For this test, analytical sodium oxalate aaus Aveighed 
and mixed by giinding m agate The oxalate concentration Avas calculated 
to be 2 6 pel cent of the total mixture The i eduction of count obtained 
amounted to 3 1 pei cent, AA^hich is lathei good agreement consideiing the 
difficulty of obtaining good mixing Avith dij'^ crystals The data ai e included 
m Table TI 

Smee enough of each biological sample was piepaied to fill thiee alumi- 
num dishes, and comparisons were made of each of these dishes, AAith ana- 
lytical KCl as a standard, the reproducibility of the count of an} of these 
dishes is of some interest, inasmuch as small geometrical errors in the 
coimting apparatus are compensated by coimtmg at different positions in 
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the sample holder Table III mdicates something of the reproducibihtj' 
of two dishes contammg leagent KCl as counted against a third dish con- 
taming the same substance It is to be emphasized that these results aie 
for durations of only about 10,000 counts, and hence the accuracy expected 
cannot be more than 1 per cent The mean values are about 1 5 per cent 
diffeient from the control 

The final results obtained on counts foi vanous biological materials aie 
summarized in Table R'’ Here reagent KCl is taken as 100 per cent and 
the vanous other substances related to this \ahie Standard deviations 


Table I 


Co«n( Obtained from KCl Samples in Relation to Their Weight 


M eight 


350 

300 

250 


Relatue count i count 

I 

per cent I per cent 

100 0 ' 

94 5 5 5 

88 4 , 6 1 


A count 
A weight 


per ceni per mt 


0 11 
0 12 


Table II 

Measurement of 2 6 Per Cent Dilution of KCl with Sodium Oxalate 


Total No of counts measured 

j Inactn c unpuntj found 


[ Per cent 

4 X 10' 

2 73 

2 X 10' 

2 93 

2 X 10' 

2 93 

2 X 10' 

3 86 

2 X 10' 

2 95 

Mean value 

3 1 


for these mean \ alues are given m the last column It is qmte difficult to 
estimate the accurac 3 ' of these measurements Theoreticallj’’ the accuracj 
of the counts should be 0 3 per cent, however, there are mani’’ additional 
factors ivhich contnbute towards making this estimate higher First there 
IS the purity of the KCl preparation being counted Previous expenments 
(23) have indicated that one does not find spectroscopicallj demonstrable 
Kb in the K samples isolated from animal sources As to the presence of 
the radium senes in these KCl preparations, coprecipitation with Ba++ of 
one of the K ^ampl&s was earned out to determine whether there Was au\ 
change in the count Such a change could not be defnonstrated A further 
control w ns the titration of the chlonde w ith «ili er This procedure could 
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be earned out -sMth an accuiacy of 0 2 per cent, as contrasted nith an anal- 
ysis for K winch could onlj'- be detcimincd i\jthm 2 pei cent accuracy 
Vanations m backgiound weic hugely compcnsaled foi by long counting 
inteiwals KCl samples as isolated fiom biological mateiial did not give a 
flame test for Na In all, with legaid to the cnoi, it can be said that it has 
not been possible to find a scpaiation of the order of 1 pci cent for the K'“’ 
isotope in the various matei lals used 


Table III 

Reproducibibly of Counting with Single Sample 


Trial No 

Counts, per cent of standard sample 

Scries 1 

Senes 2 

Another sample 

1 

99 7 

100 3 

97 3 

2 

98 9 

98 6 

98 6 

3 

99 3 

99 3 

99 6 

4 

99 9 

97 1 

98 6 

5 

97 4 


100 2 

6 

96 6 


98 9 

7 

98 G 


98 9 

Mean 

98 6 

98 8 

98 8 


Table IV 


Summary of Measurements on Biological Materials 


K.C1 sample 

1 Total No of 

1 counts measured 

Mean value 

Standard 

deiiation 

Reagent KCl 

t 

i 

3 X 105 

per cent 

100 0 

m 

Lava rock 

3 X 105 

99 9 


Cow bone 

5 X 105 

100 3 


Horse bone 

3 X 105 

99 5 


Beech wood j 

5 X 105 

99 8 

HeI 


It seems quite cleai that theie has not been demonstiated pieviously a 
separation of the K isotopes which is above ciiticism, and furthei it is diffi- 
cult to see why one should expect such a process in living cells The fact 
that isotopes should have a mobility piopoitional to the squaie loot of their 
masses has often been mentioned as a possibility, but in reality this holds 
tiue only foi the gaseous state, while in solution one must expect that the 
transport of these isotopes will depend on differences in then atomic radius 
Tins difference between and K‘”' is practical^'' nil To be sme, alkali 
isotopes have been separated by exchange reactions in zeolites, but it is 
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difficult to imagine the hvmg cell as providmg the necessarj’- conditions for 
such a mechamcally repetitive process as isotope separation 

We are mdebted to Professor N Bohr for suppljung the numerous facil- 
ities to make this work possible, to Professor G Hei esy for his kmd 
interest in the iiork, and to Professor Noe-Njgaard for suppljung the lava 
rock samples used 


SUiQIART 

The K-*® content of potassium from animal, legetable, and mmeral 
sources has been compared v ith reagent KCl iCo difference m K’® content 
inthin ±0 5 per cent could be demonstrated for these vanous matenals 
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BIOSYNTHESIS OF TRICAHBOXYLIC ACIDS BY CARBON 
DIOXIDE FDLmON 

I THE PREPARATION AND PROPERTIES OF OXALOSUCCINIC ACID* 

By SEVERO OCHOA 

{From the Departments of Chemistry and Medicine, Nero York University 
College of Medicine, Mew Yorl ) 

{Received for publication, December 29, 1947) 

As previously reported, the biological conversion of d-isocitnc acid to 
a-ketoglutaric acid and carbon dioxide occurs in two steps with oxalosuc- 
cimc acid (OS A) as an intermediate, both steps are reversible and enzyme- 
catalyzed (1, 2) 

The conversion of isocitnc acid to OSA had been postulated by IMartius 
(3) by analogy with the biological dehydrogenation of other hydroxy acids 
to the correspondmg keto acid Although free OSA had never been pre- 
pared, Martins assumed that this ^-keto acid would be so unstable that it 
would decarboxylate spontaneously, t e non-enzjTnaticaUy, to a-ketoglu- 
tanc acid and CO 2 at a rapid rate The preparation of OSA (1) made pos- 
sible abetter understandmg of the mechanism of biological reactions mvolv- 
ing tncarboxyhc acids Smce this keto acid is mdeed very unstable, its 
preparation and pioperties mil be descnbed in some detail m this paper 
As IS well knovm, when tnethyloxalosuccimc ester (OS ester) is refluxed 
with relatn ely dilute acid, it is quantitatively hydrolyzed and decarboxjd- 
ated to a-ketoglutanc acid (4, 5) However, if it is hydiolyzed mth con- 
centrated hydrochlonc acid, at room or lower temperature, OSA is formed 
in good jnelds The free acid can then be isolated as the banum salt after 
removal of unhydrolyzed estei by extraction mth ether 
Both OS ester and OSA give, mth feme chlonde, color reactions which 
have pioved extremely valuable as a guide m the vanous steps of the prepa- 
ration of the acid Both compounds give a deep red color mth feme iron 
but, vhile the color given by the estei dei elops graduaU 3 and is stable once 
its maximum is reached, vith the acid the coloi appears instantaneoush 
and rapidly fades to a gieemsh jeUou The rapid fadmg is due to the de- 
carboxjdation of OSA to a-ketoglutanc acid catalj'zed bj' feme 10 ns 
a-Ketoglutanc acid gives a greemsh yellov color mth ferric chloride (4) 
iVnilme maikedlj’’ accelerates the decarboxjdation of OSA, as is the case 
with other d-keto acids (2, 6, 7) The decarboxylation of OSA, either b\ 

‘Aided bj grants from the Rockefeller Foundation, the Penrose Fund of the 
American Philosophical Society , the Wilhams-'lVaterman Fund of the Research Cor 
poration, and Hoffmaim-La Roche, Inc 
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aniline oi by certain cations, can be used foi the quantitative determination 
of the keto acid and has proved veiy useful in following the hydrolysis of 
OS ester 


EXPERIMENTAB 

Hydrolysis of OS Ester — 42 0 cc (45 7 gm ) of OS estei (equivalent to 
31 6 gm of OSA) were shaken with 126 cc of concentrated hydrochlonc 
acid* until all the ester went mto solution, and the mixture was left at room 
temperature (18-20°), noth occasional shaking, foi 24 hours At this tune 
the mixture con tamed 11 1 gm of OSA as detci mined with aniline citrate, - 
coiiesponding to 35 per cent hydrolysis The solution was concentrated 
in vacuo at 25° (bath temperatuie not ovei 35°) to about half its original 
volume m order to remove ethyl alcohol and facilitate further hydrol 5 ’sis of 
the ester The lesidue was made up to the oiiginal volume (168 cc ) mth 
concentrated hydrochlonc acid and the solution was allowed to stand at 

Table I 

Course of Hydrolysis of Oxalosuccimc Ester 
5 4 gm of ester (equivalent to 3 74 gm of o\alosuccinic acid) hydrolyzed with 16 
cc of concentrated HCl at 20° 


Hydrolysis time 

Oxalosuccimc acid lound 

Hydroli'sis 

lirs 

sm 

fer cent 

17 

1 22 

32 5 

42 

1 76 

47 0 

70 

1 80 

48 0 

94 

1 70 

45 0 


loom tempeiatuie foi another 24 hours, when 15 8 gm of OSA, coriespond- 
mg to 50 pel cent hydiolysis, weie found Prolongation of the hydrolysis 
time beyond 48 houis led to no fuither mciease m the amount of OSA deter- 
mmed with aniline citrate (Table I) 

Removal of Unhydrolyzed Estei and Reaction Products Other Than OSA— 
The solution was concentiated undei i educed pi assure, as above, to about 
30 pel cent of its origmal volume, and the residue was kept at 0° overnight, 
wheieupon some crystallme mateiial piecipitated This mateiial contains 
no OSA or ester and has not been furthei identified,® it was filteied off with 
suction, on a smtered glass filter, and discarded The cleai filtiate was 
extracted once with 1 5 volumes of anhydrous ether at 0° The ether ex- 

^ Analytical reagent grade, sp gr 1 18 

= See Table V 

’The mateiial is sparingly soluble in water and its solutions are weakly acid 
After boiling vith alkali, a 2,4-dinitrophenylhydrazone, closely resembling that of 
a-ketoglutanc acid, is obtained 
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tract contained most of the unhj'drolyzed (or partially hydrolyzed) ester, 
as indicated by feme chlonde tests, and was discarded The aqueous layer 
was further concentrated under reduced pressure to about 20 cc , and the 
residue, a thick yellow oil contaming 11 0 gm of OSA,^ iias made up to 26 
cc with concentrated hydrochlonc acid and allon ed to stand overmght at 
0° A second crop of crystals, of the umdentified matenal referred to above, 
was filtered off and discarded The clear filtrate (23 cc ) contamed 110 
gm of OSA 

Precipitation of OSA As BanumSaU — Smee it was not possible to crystal- 
hze the free OSA, it vas decided to isolate it as the banum salt This 
offered a possibility of separating OSA from its decarboxylation product, 
a-ketoglutanc acid, by fractionation of the banum salts 

23 cc of the strongly acid filtrate were chdled to — 12°, diluted to about 
90 cc bj’’ slowly adding ice v ater, and brought (with vigorous mechanical 
sturmg) to just below pH 5 0 by the very slow addition of 26 cc of carbon- 
ate-free 28 per cent sodium hydroxide previously chilled to —10° The 
temperature was never allowed to nse above —2° These precautions are 
essential, because OSA, while stable m concentrated hydrochlonc acid, 
readily undergoes decarboxylation m dilute acid The solution was cooled 
to —10°, and ISO cc of carbonate-free 25 per cent banum acetate of the 
same temperature were added with mechamcal stimng, a bulky white pre- 
cipitate w as obtamed The mixture was now brought to pH 7 3 with 8 0 
cc of 28 per cent sodium hydroxide, and alcohol (at — 10°) was added to a 
final concentration of about 20 per cent After stimng for 10 to 15 mmutes 
the banum salt was centrifuged off at 0° and the mother liquor w as dis- 
carded The mother liquor contams small amounts of OS ester as w eU as 
banum a-ketoglutarate which precipitates on addition of more alcohol and 
can be identified as the 2,4-dimtrophenylhj drazone The banum salt was 
washed successively m a refngerated centrifuge at 0° with 25, 50, and 100 
per cent ethanol and with ether, and w'as dned in lacuo over CaCl; and 
paraffin at room temperature The jield of banum salt, contaming 32 2 
per emt of OSA, was 25 0 gm , correspondmg to 8 0 gm of OSA, or 25 per 
cent of theory Kept over calcium chlonde m the ice box, the banum salt 
IS perfectly stable 

Some anal 3 ^ical data obtamed on this preparation are shown m Table 
H On the basis of the OSA content (after correction for the loss of w ater 
on further drying of a small sample in lacuo o\ er PjOo at room temperature) 
the banum salt is 70 per cent pure ® A small fraction of the impunties is 

* The OSA lost after ether extraction (4 8 gm ) maj consist to a large extent of 
partially hjdroljzed OS ester 

‘ A smaller batch of banum salt (2 6 gm ), prepared bj the same method with the 
same jicld, was 80 per cent pure with regard to OSA. (P;Oi-dried salt Ba, 4G 0 per 
cent, OSA, 38 5 per cent, free a-ketoglutaric acid, 2 0 per cent) 
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a-ketoglutaric acid (5 pei cent), the remaindci might laigely consist of the 
unidentified material that ciystalhzes on concentiating and chilling the acid 
hj'^diolysates Feme chloiide tests indicate that the baiium salt contains 
httle, if any, estei 

A solution of OSA, fiom 100 mg of the baiium salt, was boiled for a few 
minutes to decaiboxylate the acid, cooled, and treated with 2,d-dinitio- 
phenyUiydiazine in 2 n HCl A hydiazone was obtained which after two 
lecrystalhzations fiom hot watei (yield 7 9 mg ) melted at 220° (uncor- 
lected) A sample of a-ketoglutaiic 2,4-dinitiophen3dhydiazone, piepaied 


Table II 

Analytical Data of Ncidtal Barium Salt of Oxalosuccimc Acid 



Found, Ba salt dried rn vacuo 
over CnClj 

Calculated for 

Punt} 


Uncorrcctcd 

Corrected tor 

S 3 per cent 
hsO* 

Cl lliOiiBai 


per call 

per cent 

per cenl 

per cenl 

Bat 

43 5 

46 0 

52 3 


Oxalosuccimc acidf 

32 2 

34 0 

48 3 ! 

70 0 

Total a-ketoglutaric acid§ 

29 6 

31 2 

37 2 


a-Ketoglutario acidjl 

4 8 

1 i 

SI 1 

0 0 

1 



* On fuither drying in vacuo over PtOs the salt lost 5 3 per cent weight 

I Determined by the method of King (8) Average of tw o duplicate estimations 
t Determined wnth aniline citrate (see Table VI) 

§ Determined by the hydra7one method (9) after heat decarbo\ylation of the 
oxalosuccinate 

II Ketoglutaric acid in excess of that calculated from the oxalosuccinate present. 


and leciystallized ui the same manner, melted at 219° (uncorrected) 
Mixed m p , 220° 

Stability of OSA — -OSA is much less stable than oxalacetic acid and read- 
ily undergoes decarboxylation to a-ketoglutaiic acid and COo in aqueous 
solution The lates of spontaneous decaiboxylation of the two f3-keto 
' acids weie deteimmed in 0 18 ai acetate buffei, pH 6 1, at 25°, -with the re- 
sults showTi in Table III It may be seen that OSA decaiboxylates about 
8 times faster than does oxalacetic acid 

EJject of Cations — ^ICiebs has showm that a numbei of polyvalent cations 
catalytically accelerate the decarboxylation of oxalacetic acid (10) Table 
IV, where the results obtamed with oxalacetic acid under identieal condi- 
tions are included for comparison, shows that this also holds true foi OSA 
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t^ble in 

Comparison of Rates of Spontaneous {Non-Enzymatic) Decarboxylation of 
Oxalaceltc and Oxalosuccinic Acids 

1 5 cc of 0 3 ji acetate buffer, pH 5 1, made up, vrith keto acid and water, to a 
volume of 2 5 cc Oxalacetic acid, 19 micromoles (equivalent to 425 c mm of COj) , 
oxalosuccinic acid, 16 micromoles (eqmvalent to 360 c mm of COj) Gas, air, 
temperature, 25° Solution of keto acids tipped in from the side bulb of Warburg 
1 essels after temperature equilibration 


Oxalacetic acid 

Oxalosuccinic acid 

Time 

COi e^ohed 

* 

Time 

CO evolved 


min 

£ mm 

X icn 

min 

c mm 

X lO-i 

15 

16 

1 25 

5 

47 

1 22 

30 

40 

1 44 


89 

1 21 

45 

60 

1 48 

15 

122 

1 20 

60 

74 

1 38 


150 

1 18 

120 

142 

1 46 

25 

170 

1 11 




30 

189 

1 08 

Average 

1 40 i 

i 


1 17 


*1 — first order velocity constant of decarboxylation = 1/t log (a/(a— x)) (I 
= time in minutes, a — initial amount of keto acid, x = amount decarboxjlated 
at time 1} 


Table IV 

Effect of Cations on Decarboxylation of Oxalosuccinic Acid 

Expenmental details as in Table HI except that the keto acids were measured into 
the main space of the Warburg vessels The metalbc salts vere tipped in from the 
side bulbs after temperature equilibration 

COt c\ oh ed 

Salt 

I Oxalacetatc, Oialosuccinatc 
15 min 5 tmn 


c mm i emm 


None 

16 1 

47 

0 001 M CaCl. 

' 1" i 

36 

0 001 “ MgCl- 

1 17 

50 

0 001 “ MnCU 

25 1 

41 

0 001 “ ZnS 04 

1 34 

1 76 

0 001 “ CuSOi 

158 

187 

0 001 “ FeS 04 

' 72 

1 110 

0 001 “ FeCIa 

j 122 

! 245 

0 001 “ Al.(S04)a 

232 

255 
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Methods 

Delenmnahon of OSA with Anihnc Citrate — TJic method of Edson (7) 
was used Details of its application to the quantitative estimation of OSA, 
both in hydiolysates of OS estei and m the baiium salt, are given in Tables 
V and VI 

Feme Chloride Tests — The coloi leaction of OS ester with ferric chlonde 
was described by Wishcenus and Waldmullei (11) When used on hy- 
drolysates, it IS best to neutiahze to a weak acid leaction before adding a 
drop or two of concentrated FeClj to a dilute sample of the hydrolysate 

Table V 

Delerminalion of Oxalosiicctmc Actd tn Hydrolysates of Its Tnclhyl Ester 

Contents of Warburg vessels, main space, 0 5 cc of 50 per cent citnc acid and 1 4 
cc of water. Side Bulb 1, 0 05 cc of 30 per cent NaOII,* Side Bulb 2, 0 4 cc of aniline 
citrate Mam space of Vessel a (blank), 0 05 cc of concentrated HCl, mam space 
of Vessel b, 0 05 cc of hydrolysate Gas, air, temperature, 25° Contents mi\cd 
after temperature equilibration 


Time 

COt c\ oK cd 

Vessel a 

Vessel b 

mm 

c mm 

c mm 

5 


433 

12 

75 

465 

15 

75 

465 

COj evolution corrected for blank, c ntin 

390 

Oxalosuccimc acid in 0 05 

cc hydrolysate, mg 

3 3 

CO 

0 

“ “ gm 

11 1 


* For approximate neutralization of hydrolysate 


When OSA accumulates m hydrolysates, one obtains an instantaneous red 
color, which fades rapidly, follov ed by the gradual development of a stable 
daik red As mentioned above, the “fading” leaction is due to OSA and 
the gradually developing stable reaction to OS ester VTien the baiium 
salt is used, it is best to bring it first mto solution with a diop or two of 
dilute acid Best results aie obtained, in geneial, at weakb'- acid reaction 
Preparation of Solutions of OSA from Its Barium Salt — Owing to the in- 
stability of OSA, all operations are earned out at 0° The banum salt is 
suspended in a httle water, brought into solution with a few drops of 2 N 
HCl, and the barium precipitated with the calculated amount of 1 n 
H 2 SO 4 The precipitate of barium sulfate is centiifuged off and discarded 
mthout washmg, and the supernatant is brought to the desned pH and 
volume A number of anilme citrate estimations of the OSA m solution. 
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earned out umnediately after its preparation, indicated that on the average 
it corresponds to 70 per cent of the calculated amount When more exact 
data are required, an anilme citrate estimation is earned out simultaneously 
with the experiment m which the particular OSA solution is used Solu- 
tions of OSA are convemently made up ]ust before use, but, m most cases, 
they can be used over a period of several hours if kept at 0° 

Preparations — The potassium salt of tnethyl oxalosuccinate was prepared 
by the method of Wishcenus and WaldmuUer (11) and converted to the free 
ester as desenbed by Neuberg and Rmger (5) Oxalacetic acid was pre- 

Table VI 

Determination of Oxaloauccintc Acid Content of Barium Oxalosuccinate 
The solid banum salt was weighed into one side bulb of the Warburg vessels 
The other side bulb contained 0 4 cc of aniline citrate and the mam space 0 5 cc of 
50 per cent citno acid plus 1 5 cc of water Gas, air, temperature, 25° Contents 
mixed after temperature eqmlibration 


Time 

CO evolved 

No Ba salt 

12 7 mg Ba salt 

12J mg Ba salt 

I2J mg Ba salt 

fnm 

c mm 

c mm 

ejnm 

c mm 

6 


439 



10 

-11 

462 

436 

441 

15 

-11 

472 

450 

455 

18 

-11 


450 

455 

20 


479 



30 


479 



Total CO* evolved, c mm 

479 

450 

455 

COi after correcting for blank. 




c mm 



461 

461 

Oxalosuccimc acid, mg ' 


3 92 

3 96 

(( 1 

" % 

mmm 

32 0 

31 8 


pared by the method of Wohl el al (12), its punty, as determmed mth 
anilme citrate, was 100 per cent 

SUMMABI 

The preparation of oxalosuccimc acid, by hydroljsis of its tnethyl ester 
With concentrated hydrochlonc acid at room temperature followed by re- 
moval of unhjdrolyzed ester ^vlth ether and isolation as the banum salt, 
IS desenbed 

In aqueous solution oxalosuccimc acid is much less stable than oxalacetic 
acid and readily undergoes decarboxjdation to a-ketoglutanc acid and car- 
bon dioxide At pH 5 1 (0 18 m acetate buffer) and 25°, the first order 
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velocity constants of decaiboxylation aie as follows L oxalacctatc = 14 
X 10“®, /c oxalosuccinate = 1 17 X 10“- 
The decaiboxylation of oxalosuccmate is markedly accelerated by some 
polyvalent cations (in oidei of effectiveness Zn++, Fe++, Cu++, Fe+++, 
A1+++) and by aniline 

The help of Di Eina Weisz-Tabon in pait of this woik is giatcfully 
acloiowledged I am also indebted to Mi Moiton C Schneidei foi tech- 
nical assistance 
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BIOSYNTHESIS OF TRICAHBOXYLIC ACIDS BY CARBON 
DIOXIDE FIXATION 

II OXALOSUCCINIC CARBOXYLASE* 

Bt SE\rERO OCHOA ajhi ERXA WTHSZ-TABORI 

{From the Departments of Chemistry and Medicine, New York University 
College of Medicine, New York) 

(Received for publication, December 29, 1947) 

Although oxalosuccimc acid (OS A) is very unstable (1) and rapidly under- 
goes decarboxylation to o:-ketoglutaric acid and carbon dioxide m aqueous 
solution, this reaction is markedly accelerated by ovalosuccmic carboxylase, 
a soluble enzyme, first found m pig heart extracts (2) This enzyme, which 
IS also present m other tissues, is thennolabile, specific for OSA, and re- 
qmres manganous ions for activity 

Results 

Specificity of Enzyme — Because of the labihty of OSA, the actmty of 
oxalosuccmic carboxylase is best mvestigated at low temperatures, such as 
15° or lower The enzymatic activity of dialjzed extracts of washed ace- 
tone-dned pig heart is illustrated m Fig 1, which also shows the thermo- 
labihty and the 11 ^++ dependence of the enzyme 

The decarboxylation of oxalacetic acid (OAA) to pyruvic acid and carbon 
dioxide had been known for some tune to be catalyzed by enzymes from 
vanous sources Oxalacetic carboxylase was first discovered by Krampitz 
and Werkman (3) in lysed preparations of Micrococcus lysodeiLltcus, this 
enzyme was stated to require either Mg++ or ]Mn+^ for activity Later 
Evans, Vennesland, and Slotm (4) found a similar enzjmie m aqueous ex- 
tracts of acetone-dned pigeon liver, this enzyme functioned with IMn"^ 
but not with Mg++ 

The question v hether the decarboxylation of OSA and OAA is catalyzed 
by the same or by different enzymes was of great mterest and was mvesti- 
gated ui some detail It was found earlj'- m this work that pig heart ex- 
tracts, with high oxalosuccmic carboxylase actmtj, were inactive toward 
OAA (2), while pigeon hver extracts decarbox 3 dated the tvo keto acids 
A partially punfied preparation of oxalacetic carboxi, lase from Micrococcus 
lysodeiklicus^ is free from oxalosuccmic carboxylase These facts are il- 

* Aided bj grants from the Rockefeller Foundation, the Penrose Fund of the Amer- 
ican Philosophical Societj, the Williams-Waterman Fund of the Research Corpora- 
tion, and Hoffmann-La Roche, Inc 

* Mehler, A H , Romberg, A , Grisolia, S , and Ochoa, S , unpublished 
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lustrated m Fig 2 Moic reccntlj’’ it has been found that highly purified 
preparations of “oxalacetic caibo\ 3 dasc” fiom pigeon liver- arc devoid of 
oxalosuccinic caibo\ 3 dase activit 3 '^'' It is thus clcai that oxalosuccmic 
and oxalacetic caibo\ 3 dases aic distinct cn7/3uncs, each being strictly spe- 
cific for its substrate Such specificit 3 ’’ has also been found in spcctropho- 
tometiic expel iments (G) 



Fig 1 Enzymatic decarbo\j4ation of ovalosuccmic acid 0 018 m citrate buffer, 
pH 5 6, and 18 micromoles of oxalosuccinate (equivalent to 405 c mm of CO:), vith 
additions as indicated, in a final volume of 2 8 cc Enzyme, diab'zed extract of 
■washed, acetone-dried pig heart containing about 5 mg of protein per cc Oxalo- 
succinate tipped in from side bulbs of Warburg vessels after temperature equilibra- 
tion Gas, air, temperature, 14° Curve 1, 1 cc of enzyme -1-3 6 micromoles of 
MnCl:, Curve 2, no enzyme but 3 6 micromoles of MnCl:, Curve 3, 1 cc of enzyme but 
no MnCl:, Curve 4, 1 cc of heated enzyme (heated for 2 minutes at 100°, cooled, and 
coagulated protein removed by centrifugation) , either w itli or w itliout 3 6 micromoles 
of MnCl:, Curve 5, neither enzjune nor MnCl: 

= This enzyme catalyzes the reversible oxidative decarboxylation of (-malic acid 
to pyruvic acid and CO:, 'wuth triphosphop 5 Tidine nucleotide as coenz 3 'me, as 'well as 
the decarboxylation of OAA Mn++ is needed in both cases All the evidence so far 
obtained indicates that the same enzyme catalyzes the two reactions, this enzyme, 
therefore, would not be primarily an oxalacetic carboxylase The enzyme from 
^hcrococcus lysodeiKltcus , on the other hand, is totally inactive toward malic acid, 
w'hether with di- or triphosphopyridine nucleotide, and is thus a true oxalacetic 
carboxylase Whether the catalysis of OSA decarboxylation is an incidental activ- 
ity of an enzyme, which essentially catalyzes the oxidative decarboxylation of isocit- 
ric acid to a-ketoglutaric acid and CO:, remains to be decided by purification (see 
the discussion on this point in Paper III (6)) 

’ Ochoa, S , Mehler, A H , and Kornberg, A , unpublished 
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Reaclion Products — ^The enzjTnatic decarboxylation of OSA was allowed 
to proceed to completion in three Warburg vessels set up as the sample 
correspondmg to Curv'^e 1 m Fig 1 The OSA content of the solution used 
in this expenment was simultaneously determmed m another Warburg 
vessel vnth anihne citrate (1) The experimental temperature vas 15° 
Decarboxylation iias complete m 30 mmutes vhen 455, 423, and 440 c mm 



0 5 10 15 20 


MINUTES 

Fig 2 Specificity of oxalosuccmic and oxalacetic carboxylase Either 0 018 m 
citrate buffer, pH 5 6, and 3 6 micromoles of MnCl.,made up with enzyme, substrate, 
and water, to a volume of 2 8 cc (Curves la, lb, 2a, 2b, and 3a), or 0 025 m acetate 
buffer, pH 5 0, and 1 0 micromole of MnClj made up with enzyme, substrate, and 
water to a volume of 2 0 cc (Curve 3b) Curves a, substrate oxalosuccinatc (18 mi- 
cromoles), temperature, 16-17°, curves b, substrate oxalacetate (28 micromoles) , tem- 
perature, 25° Curves 1, 1 0 cc of pig heart extract (4 4 mg of protein). Curves 2, 
1 0 cc of Micrococcm lysodeit licus enzyme (about 1 0 mg of protein). Curves 3,0 5 
cc of pigeon liver extract (18 5 mg of protein) Gas, air Substrate tipped in from 
side bulbs of Warburg vessels after temperature equilibration 

of COi vere evolved m each of the three Warburg vessels, as measured from 
the moment OSA v\ as tipped mto the mam compartment The correspond- 
ing CO- evolution vntli anilme citrate vas 459 emm The contents of 
the three vessels were then mixed and dcproteinized mth tnchloroacetic 
acid Addition of 2,4-dinitrophenylhjdrazme in 2 0 x HCl jnelded a 
hjdrazone which after two recrj'stalhzations from hot water (jaeld 5 0 
mg ) melted at 220° (uncorrected) A sample of a-ketoglutanc 2,4- 
dmitrophenjlhjdrazone, prepared and recrj stalhzed in the same manner, 
melted at 219° (uncorrected) Mixed m p , 218° 
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P^operltcs of E7izy7ne— The intc of cn/yinalic dccailioxylation of OS A is 
about the same at pH 5 0, 6 3, and 7 ^1, ulieicas at pll 5 0 it is von' low, 
owing to denatuiation of tlie enzyme Reactions moie alkaline Ilian pll 
7 4 weie not investigated because of the pionounced inciea^-c of the spon- 
taneous decaiboxylation of OS'V with inciea'^ing alkahnil; The data at 
pH 7 4 weie obtained with gJj'ejdglunie bullet, till otlieis with ciUatc 
buffer Complete evolution ol the CO 2 pioduccd by decaiboxjdation at 
pH higher than 5 0 was insuicd b> lipping acid fiom the side bulb of the 



AMOUNT OF ENZYME (cc) 

Fig 3 Rate of enzymatic decarboxylation of o\alosuceniic acid ns a function of 
the enzyme concentration 0 018 m citrate buffer, pH 5 6, 3 6 micromoles of MnCl;, 
and 18 micromoles of oxalosuccinatc, with various amounts of pig heart extract, made 
up to a final volume of 2 8 cc Other experimental details ns in Fig 1 Gas, air, 
temperature, upper curve, 14 5°, lower curve, 17° (The tv o experiments reproduced 
in the figure were earned out with two different extracts ) Blank, without cnz 3 Tiie 
but with MnCh 

Warbuig vessels, and the CO 2 evolution, m the absence of enz 3 rme, was 
subti acted m all cases to obtam the enz 3 Tne-catal 3 '’zed decarboxylation 
As IS illustiated in Fig 3, the mitial late of the enzjonatic decarboxyla- 
tion of OSA IS piopoitional to the concentiation of the enzyme 
The need of manganous 10 ns foi the activitj'^ of oxalosuccimc caiboxjdase 
has alreadj"^ been mentioned It has also been pieviouslj'’ lepoited (2) 
that Mg' ' IS ineffective at concentrations at ■which Mn++ is quite effective, 
this illustiated in Table I 

The inci easing late of enzymatic decarboxylation of OSA with inci easing 
concentrations of either Mn++ or OSA, while the concentiation of one of 
of them IS kept constant, is shown m Table II In the case of constant 
OSA and mcreasing Mn++ concentration, the blanlc used for the whole 
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senes b as one ■n ith the highest concentration of ]\In+^, te 13 X 10^^ m 
With constant Mn++ and increasing OSA concentration, two samples were 
nm at each concentration of OSA, one without and one with enzyme 
Optimum concentrations of Mn++ and OSA have not been reached m these 

Table I 


Comparison of Effect of and on Aclttnly of Oxalosucctntc Carboxylase 

0 018 M citrate buffer, pH 5 6, and 18 micromoles of oxalosuccinate, i\ith other 
additions as indicated, in a final volume of 2 8 cc Gas, air, temperature, 14° 


Additions 

CO 2 evolved in 10 min 

3 6 micromoles MnCU 

c mm 

50 

1 cc heart enzyme 

70 

1 “ “ “ -1-3 6 micromoles MgCU 

76 

1 “ “ “ -f- 3 6 “ MnCli 

284 


Table II 

Rate of Decarboxylation of Oxalosuccinate As Function of Mn** and Substrate 

Concentration 

0 02 M citrate buffer, pH 5 6, and 0 5 cc of pig heart extract, with other additions 
as indicated, in a total volume of 2 8 cc Gas, air, temperature, 17-18° Oxalosuc- 
cinate tipped in from side bulb of Warburg vessels after temperature equilibration 
The concentration of oxalosuccinate in the solution used for these experiments nas 
determined nith aniline citrate 


7 6 X it oxalosuccinate ■ 1-3 X IfT* si MnCli 


M X lO-J SIn«^ 

COi evolution* in S min 

M X 10-> OSA 

CO: evoluUont in ^ min 


c mm 


c mm 

0 065 

27 

3 04 

60 

0 325 

57 

4 55 

70 

0 65 

87 

7 60 

109 

1 30 

no 

11 40 

150 



15 20 

193 


* Excess over sample containing 1 3 X 10 ’ m Mn'*^ and no enz 3 me 
t Excess over corresponding samples without enzj me 


expenments, but it is apparent that the dissociation constants of the 
enzyme-IMn and the enzyme-substrate complexes are high 
Experiments on competitive mhibition of oxalosuccmic carbox-jlase 
rexealed the mteresting fact that, uhile citnc acid and xmnous keto acids 
do not inhibit, and cis-aconitic acid is onlj i\ eakly inhibitory, isocitnc acid 
IS strongly mhibitory These expenments are illustrated m Table III 
Expenment 1 shov s that substitution of acetate buffer of the same pH for 
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the citrate buffei used thi oughout this \\ oi k makes no significant difference, 
indicating that citiic acid docs not inleifeic Milh oxalosuccinic carboxj'kse 
Experiments 2 and 3 show that 0 01 m a-kctoglutaiate, oxalacetatc, or 
pyiuvate does not inhibit, while even 0 OOfiG m dZ-isocitrate is strongly 

TAniiE III 

Competihve Inhibition of Oxalo’niccimc and Oxalncctic Carhoxylasci 
Oxalosuccinic carboxylase, 0 02 m citrate buffer, pll 5 0,7 2 micromoles of MnCl:, 
1 0 cc of pig heart extract, and 21 micromoles (470 c mm , final concentration 0 0076 
m) of oxalosuccinate, in a total volume of 2 S cc Temperature, 12-13° Oxalncctic 
carboxylase, 01 m acetate buffer, pII 6 2, 1 8 micromoles of MnCb, either Micro 
coccus lysodeiLticus enryme or purified pigeon liver enryme, and 20 micromoles 
(450 c mm , final concentration 0 01 m) of oxalacelate, in a total volume of 2 0 cc 
Temperature, 25° Gas, air Other additions ns indicated Oxalosuccinate and 
oxalacetatc tipped in from side bulbs of Warburg vessels after temperature cquilibra 
tion 


Oxilosuccinic cnrboxjlasc 

Oxalacctic carboxylase 

Expen 

ment 

No 

Inhibitor 

COi 

c\ olulion* 

Expen 

ment 

No 

Inhibitor 

COs 

evolution* 



emm tn 

S mtn 



e mm %n 
ZO fn\n 

1 


113 

4t 


233 



1321 


0 02Mfumarate 

53 

2 


126 


0 02 “ (-malate 

16 


0 02M(f7-isocitrate 

0 

6§ 


151 


0 01 “a-ketoglutarate 

150 

0 02“fumarate 

132 


0 01 “oxalacetatc 

116 


0 02“Z-malate 

34 


0 01 “pyruvate 

139 




3 


167 





0 0066 M dl-isocitrate 

20 





0 013 “ 

8 





0 005 “ cis-aconitate 

127 





0 01 “ 

123 





* Total CO 2 minus CO 2 evolved in the absence of enzyme 
t Carboxylase from Micrococcus lysodciUicus 
t 0 04 M acetate buffer, pH 5 6, instead of citrate buffer 
§ Pigeon liver enzyme 

mhibitoiy It has not been ascertained whethei both the d and I foims of 
isocitiate are mhibitory, if only the d enantiomoiph were active, its effec- 
tiveness would be quite remarkable It may be seen that 0 01 m cis- 
aconitate causes only about 25 pei cent inhibition It should be men- 
tioned, in this connection, that the pig heait extracts used in this work are 
practically free from acomtase 

In view of the above results, it was deemed of mteiest to investigate the 
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effect of Z-malate and fmnarate on oxalacetic carbo-^ylase Two different 
enzyme preparations were used, the partiallj' purified enzyme from ihcro- 
coccus lysodeihhcus and a purified preparation from pigeon fiver free from 
fumarase (7) The results (Table III, Experiments 4 and 5) show that 
0 02 M Z-malate is strongly inhibitory m both cases There was no signifi- 
cant inhibition by 002 m fumarate with the pigeon fiver enzjTne, but it 
inhibited m the case of the bactenal enzyme, this latter result might be due 
to the presence of fumarase m the preparation 

Smce inhibition of the enzymatic decarboxjdation of OSA and OAA by 
isocitrate and malate, respectively, might be due m part to bmdmg of 
Mn++ by the hydroxy acids, their effect on the decarboxylation catalyzed 
by A1+++ (1) was tested A1+++ was used because, m the absence of en- 
zyme, it is much more effective than iVIn"^ m acceleratmg the decarboxyla- 
tion of the two /3-keto acids The imtial rate of the A1+++ decarboxylation 
of OSA and OAA was inhibited 25 per cent by 0 02 m dZ-isocitrate and 35 
per cent by 0 02 m malate respectively This suggests that, while some 
inhibition of the enzymatic decarboxylation may be due to bmdmg of IMn"^ 
by the hydroxy acids, the mam mechamsm is competition between hydroxy 
acid and keto acid for the enzyme This is further proof of the remarkable 
structural specificity of these enzjTnes with regard to their substrates 
Lwoff el al (8) have recently shown that the decarboxj’']ation of OAA by 
restmg cell suspensions of a mutant stram of MoraxeUa Iwoffi is strongly 
inhibited by malate 

The actmty of oxalosuccmic carboxylase remains unchanged after dialy- 
sis agamst runnmg tap water up to 12 hours When precipitated by ace- 
tone at low temperatures, the actmty can be recovered almost quantita- 
tively m an aqueous solution of the precipitate Acidification of the 
dialyzed extracts to pH 5 2 at 0° causes some flocculation and the almost 
complete disappearance of oxalosuccmic carboxj’lase activity from the 
supernatant No actmty could be recovered by redissohnng the precipi- 
tate m water vath the help of a few drops of dilute alkah (to pH about 7 4) 
either in testmg this solution alone or m combmation vath the supernatant 
W^ork on the purification of the enzyane is m progress 

DislrUnthon — ^AU of the enzyme extracts, with the exception of those from 
pigeon fiver, were prepared and dialyzed as descnbed m the section “ileth- 
ods ” Pigeon h\ er extracts were prepared as descnbed b 3 ' Evans, 
Vennesland, and Slotm (4) and vere used without preiaous dialysis For 
calculation of the Qco. alues, the protem content of the extracts was de- 
termmed bj the biuret reaction accordmg to Robinson and Hogden (9) 
Table R'' show s the results of tests of oxalosuccmic carboxj lase acti\atj’’ m 
extracts of vanous tissues and, for companson, those of corresponding tests 
for oxalacetic carboxylase The latter tests were earned out either wnth 
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citiate buffei, pH 5 G, t c undei the conclilions of the oxalosuccmic car- 
boxylase tests, 01 with acetate buffci, pTI 5 0, ac( ouhng to the method of 
Evans, Vennesland, and Slotm (J) 

It vnll be obseived that o\alosuccinic caibovylase is widely disliibutcd 
m animal tissues Among the tissues tested, pig heait, pigeon breast 
muscle, and pig kidney exhibited the highest activit}’’ The high activity 
of heart and pigeon bieast muscle indicates that the cnzjTue is picsent in 
high concentiations in tissues having a veiv active, and predominantly 

Tahil I\ 

Distubution of Oxalosuccmic Carhoxi/lasc in Animal 7’tssuc'! 

Tests with citrate buffer, 0 OIS M citrate buffer, pll 5 G, and 3 G micromoles of 
MnCh made up isith enzyme, substrate, and water, to a \nhime of 2 8 cc Tests 
with acetate buffer, 0 025 m acetate buffer, pPI 5 0, and 1 0 micromoles of IMnCIj 
made up with enzyme, substrate, and water, to a volume of 2 0 cc Gas, air, tem 
perature, either 14-16° (oxalosuccinic carboxjlnsc tests) or 25° (oxalacetic carboxjl 
ase tests) Substrates (oxalosuccinate, IS niieromolcs, oxalacctate, 28 micromoles) 
tipped in from side bulbs of Warburg vessels after temperature criuilibration Qco 
— c mm of C 02 evolved (in excess of samples without cnzjmc) per hour and nig of 
protein, calculated for the first 5 minutes after addition of substrate 


Tissue 

Ocy oxalosuccinatc 

1 (citntc buffer) 

(?co o’ta 

Citrate buffer 

lacetate 

Acetate buffer 

Pig heart 

840 

3 

0 

Pigeon breast muscle 

740 

5 

0 

Pig kidney 

230 

14 

0 

“ liver 

80 


8 

Pigeon liver* 

CO 

13 

52 

Ox brain 

94 

47 


Monkey brainf 

45 

17 



♦ Enzyme prepared by the method of Evans, Vennesland, and Slotm (4) 
t Acetone powder prepared in a Waring blendor (kindly supplied bj Dr E 
Eacker) 


aerobic, type of metabolism On the othci hand, as aheady pomted out 
by Evans et al (4), oxalacetic caiboxylase exhibits a moie lestncted distil- 
bution and, imder the conditions chosen for extraction and testing, the 
enzjune appears to be absent fiom muscle, whethei caidiac oi skeletal 
(c/ (4)) When tested by the method of Evans et al , ivith acetate buffei 
of pH 5 0, pigeon liver is the only tissue having a maiked oxalacetic caiboxy- 
lase activity Vennesland et al (10) have recently demonstiated the 
piesence of oxalosuccinic carboxylase in paisley loot piepaiations 

The high oxalosuccinic carboxylase activit3'' of pig heait and pigeon breast 
muscle extracts and the relatively low activity of the same enz3Tne in 
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pigeon liver extiacts call for some comment Moulder, Vennesland, and 
Evans (11) discovered that pigeon hver extracts catalyze a dismutation 
between citrate and pyruvate, to yield a-ketoglutarate, COo, and lactate, 
whereas pig heart or pigeon breast muscle extracts failed to catalyze such 
a reaction unless supplemented with a partially punfied preparation of 
oxalacetic carboxylase from pigeon hver This result was considered as 
mdirect proof for the existence of an oxalosuccinic carboxylase m pigeon 
hver It IS clear from our results that the failure of pig heart and pigeon 
breast muscle extracts to catalyze the above dismutation cannot be due to 
lack of oxalosuccimc carboxylase In this laboratory, we have succeeded 
m obtammg the Evans dismutation with pig heart extracts, supplemented 
with lactic dehydrogenase, by use of isocitrate rather than citrate (12) 

Methods 

Preparation of Extracts — Phosphate extracts of washed, acetone-dned 
tissues were prepared by the method descnbed by Straub (13) to obtam 
solutions of mahc dehydrogenase These extracts were dialyzed agamst 
runnmg tap water for at least 6 hours, and a small amount of precipitate, 
formed on dialysis, was removed by centnfugation at low temperature 
The extracts lose activity only very gradually if kept at 4°, and can be used 
for several days Extracts prepared m this way from pig heart contam 
from 3 to 5 mg of protein per cc The heart muscle extracts are nchm 
oxalosuccimc carboxylase and isocitnc and mahc dehydrogenases, they are 
practicall}’' free from both lactic dehydrogenase and acomtase, which are 
largely removed by the prehmmary washing of the minced tissue and 
destroyed (especially acomtase) by the acetone treatment Their content 
of L-glutamic dehydrogenase is also very Ion 

Manometnc Tests — ^Details of the manometric tests for oxalosuccimc 
carboxylase are given m the tables and figures After the vanous reaction 
components except the enzyme are measured mto the main space of the 
Warburg vessels, the vessels are placed on ice The OSA solution is pre- 
pared at this time as descnbed m Paper I (1) and, after measunng the en- 
zyme into the mam space, the ice-cold oxalosuccmate is placed m the side 
bulbs The temperature of the bath is maintamed at between 14-18° 
Oxalosuccmate is tipped in after 5 minutes of temperature equilibration 
A blank is ah\ ays run mthout enzyme to determme the rate of spontaneous 
decarboxylation of OSA The pH of the buffer (5 6) must be carefully 
controlled, because at pH 5 2 flocculation and inactivation of the carbox- 
ylase occur 

On the basis of results obtained in a spectrophotometnc study of the 
decarboxylation of OSA (6), a i ci j’’ sensitn e and rapid optical test has been 
developed for oxalosuccimc carboxjlase 
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SUAI^UR■i 

The decaibo\ylation of o\alosuccirnc acid to a-ketoglulanc acid and 
carbon dioxide is maikedly acceloiated by an enz 3 '^ine present m extracts of 
washed, acetone-diied pig hcait, pigeon bieast muscle, pig kidney, and 
other animal tissues Oxalosuccmic caiboxylase is tlieimolabile and re- 
quires manganous ions for activity The enz 3 mie is specific for oxalo- 
succinic acid, it does not act on oxalacetic acid 
The enzymatic decaiboxylation of oxalosuccmic acid is stiongly inhibited 
by isocitric acid in a competitive manner, citric, a-ketoglutaiic, oxalacetic, 
and pyiuvic acids do not inhibit, while cis-aconitic acid is veakly inhibitory 
Oxalacetic caiboxjdase docs not act on oxalosuccmic acid The enzy- 
matic decarboxylation of oxalacetic acid is stiongty inhibited by malic acid 

Our thanks aie due to Mr Morton C Sclmeidci for technical assistance 
We are mdebted to Mi Alan H Mehler foi the puiificd oxalacetic carboxyl- 
ase fiom Micrococcus lysodcilhcus 
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BIOSYNTHESIS OF TRICARBOXYLIC ACIDS BY CARBON 
DIOXIDE FIXATION 

III ENZYMATIC MECHANISMS* 

Bt SEVERO OCHOA 

{From the Departments of Chemistry and Medicine, New York University 
College of Medicine, New York) 

(Received for publication, December 29, 1947) 

As first sliown by Martius, the biological breakdown of citnc acid pro- 
ceeds through d-isocitnc acid‘ to a-ketoglutanc acid and carbon dioxide 
(1-3) The conversion of citnc to isocitnc acid is catalyzed by acomtase 
(4-6) and occurs according to Reaction 1, where the figures in brackets 
give the percentage of the three reactants at equilibnum according to 
Martius and Leonhardt (7) 


COOH 

1 


COOH 

1 


COOH 

1 

CHj 


1 

CH 


1 

CHOH 

1 

-H,0 

11 

-1-HsO ^ 

1 • 

r^r\r\u 

XlUO ULlUil ^ 
1 

-fHjO 

— O OVJUii 

1 

' -HsO 

HO OUUH 

1 

CH, 


CH. 

1 


CHt 

COOH 


1 

COOH 


I 

COOH 

Citnc acid (89 2%) 

CIS 

Acomtic acid (3 1%) d-Isocitric acid (7 7%) 


By analogy with other hydroxy acid dehydrogenases, Martius (1) pos- 
tulated that isocitnc acid would first be dehydrogenated to the corre- 
sponding keto acid, t e oxalosuccmic (a-keto-/3-carboxyglutanc) acid, and 
assumed that this /3-keto acid would rapidly undergo non-enzymatic de- 
carboxylation to a-ketoglutaric acid and CO: (Reaction 2) 

* Aided by grants from the Rockefeller Foundation, the Penrose Fund of the Amer- 
ican Philosophical Society, the Williams-Waterman Fund of the Research Corpora- 
tion, and Hoffmann-La Roche, Inc 

* I am greatly indebted to Dr H B Vickerj for calling mj attention to the fact 
that, since aqueous solutions of natural free isocitnc acid are dextrorotatory (although 
the acid becomes strongly levorotatory in the presence of moljbdenum salts), the 
naturally occurnng isomer should be designated as d isocitnc acid according to the 
nomenclature at present in use It was through o\ erlooking this fact that natural 
isocitnc acid was erroneouslj referred to as i-isocitnc acid in previous publications 
(9, 14, 19) 
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COOH 


1 

COOH 

COOH 

d-Isocitnc acid 


OxulosiicciiiK acid 

a Kctoglutanc 


nrul 

Wagner-Jauregg and Rauen (8) found that the activit} of isocitnc 
dehydrogenase was incieased ciude “codehydiogenasc” prepaiations 
from red blood cells winch piesumably contained both diphosphopviidine 
nucleotide (DPN) and tiiphosphopjoidine nucleotide (TPN) 

Usmg a spectiophotometnc technique, Adlei, von Euler, Gunther, and 
Plass (3) found that isocitnc dehydiogenase catalyzes the reduction of 
TPN, but not that of DPN, by isocitnc acid, and fuithei that the sj'^stem 
requiies either Mg++ oi Mn++, the lattei being much moie elTcctue The 
formulation of Martius was accepted but no evidence was obtained for 
the^ccuirence of two sepaiate steps, % e , dehydiogenation and decaibovyla- 
tion The point of action of ]\In++ (which vas thought to be concerned 
with the dehydrogenation step) and the possible leveisibility of the reac- 
tion also remamed matters for speculation Then results were summarized 
m Reactions 2, o and 2, b 

T ^ ,1 mriAT (Isocitnc delu drogenibc) 

, ^ Isocitnc acid + TPNox 

(2, a) +Mn-+ or iMg++ 

oxalosuccinic acid + TPNrtd 

(2, b) Oxalosuccinic acid — > a-ketoglutanc acid + CO- 

As previously lepoited (9), we weie able to show that the biological con- 
version of isocitnc acid to a-ketoglutanc acid and CO 2 is the lesult of two 
distinct, reversible enzyme-catalj^zed leactions (Reactions 3 and 4) 

(Isocitnc dehydroge nase) 

(3) d-Isocitnc acid -p TPNox < JZ? oxalosuccinic acid -p TPNrod 

(0\aIosuccinic carboxylase) 

(4) Oxalosuccmic acid ^ -PMn+'^ * a-ketoglutaric acid -p CO- 

The net lesult of Reactions 3 and 4 is the ovei-all leaction, No 5 

(5) d-Isocitnc acid + TPNox ^-PMn'*’ *' a-ketoglutanc acid -p CO- -p TPNrod 


The above reactions readily occui in dialyzed extracts 6f washed, ace- 
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tone-dned pig heart Reaction 5 can be followed spectrophotometncally 
at 340 m/x, as was done b} Adler el al (3), owing to the absorption of hght 
of this wave-length by the reduced pyndine nucleotide (10) Its progress 
in either direction is easilj’’ followed in this way Reaction 3 occurs in 
the absence of Mn++ and is also followed optically Its reversibihty is 
shown by the oxidation of TPNred on addition of synthetic oxalosuccmate 
(11) Reaction 4 can be demonstrated by manometnc methods to run 
from left to nght, tern the direction of decarboxylation of oxalosuccimc 
acid, m the presence of enzyme and AIn++ (12) Smce the over-all Reac- 
tion 5 IS reversible, Reaction 4 must also be reversible 

The findmg of Adler el al (3) that the system is strictly specific for 
TPN was confirmed Not only is there no reaction with DPN, but the 
presence of the latter m equimolar concentration does not alter the rate of 
reduction of TPN, indicatmg that the isocitnc dehydrogenase of pig heart 
does not significantly bmd DPN Also, m confirmation of Adler el al , 
inorgamc phosphate was found to be inhibitory 

The facts just outlmed suggest that Reactions 3 and 4 are catalyzed by 
two distmct enzjTnes, isocitnc dehydrogenase and oxalosuccimc carboxyl- 
ase respectively However, smce no separation of the two actmties has 
yet been accomplrshed after partial purification by fractionation with 
ammomum sulfate, final decision on this pomt must await further punfica- 
tion 

It has been possible to detemune the equihbnum constants of Reactions 
3 and 5 from which the equihbnum constant of Reaction 4 can be calcu- 
lated The equihbnum of Reaction 5 is so far to the nght that, as already 
observed by Adler el al , if TPN is present m excess practically all the 
d-isocitnc acid is converted to a-ketoglutanc and CO 2 This fact makes 
possible a rapid and sensitive enzymatic determmation of isocitnc acid 

As is evident from a consideration of Reaction 5, its equihbnum can be 
shifted to the left, t e toward CO; fixation, by hnkmg it to another de- 
hydrogenase system, of suitable oxidation-reduction potential, capable of 
reducing TPNm This has been accomplished bj means of the glucose-fi- 
phosphate dehydrogenase system of Warburg and Christian (13) The 
following reactions then occur 

(6) Glucose 6 phosphate -f TPNoi. ^ 6 phosphogluconic acid + TPNred 

(7) a Ketoglulanc acid CO- -1- TPNroii isocitnc acid + TPXci. 

The net result of Reactions 6 and 7 is the TPN-hnked dismutation. Reac- 
tion 8 

(S) Glucose-6-phosphate 4- « keloglutaric acid 4- CO ^ 6 phospho 

gluconic acid — isocitnc acid 
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Furtliei shifting of tlie eqiiilibiiuni in the cliicction of CO 2 fixation occurs 
m the piesence of aconitase, since ovei 00 pei cent of the isocitiic acid 13 
then lemoved to foim czs-aconitic and citiic acids (r/ Reaction 1) Be- 
cause the aconitase equihbiium is so fai in fax’’Oi of citric acid, the over-all 
reaction thus obtained can be wiitten 

(9) Glucose 6 phosphate -f a-kctoglutanc acid -f COj G phospho 

gluconic acid -1- citric acid 

The isocitric dehydiogenase-oxalosuccinic caiboxylase-aconitase system 
can thus play an important pait in the biological utilization of CO 2 and 
may be concerned m the piocesscs of chemosynthesis and photosynthesis 
The enzymes involved are Icnown to be ividely distiibuted m animal, plant, 
and bacterial cells 

Results 

Properties of Enzyme System — Quai tz absorption cells, of 1 0 cm light 
path, were used throughout this work The blank cell, for setting at 100 
pel cent transmission of hght, received exactly the same additions as the 
experimental cell with the exception of TPN which was replaced by an 
equal volume of water The final volume of the reaction mixtures was 
3 0 cc The optical measurements were carried out, at room temperature, 
in the Beclcman spectrophotometer The leaction was usually started by 
adding TPNox to a mixture of isocitrate and enzjTne in glycine buffer, 
pH 7 3 There is no reaction when either isocitrate, TPN, or enzyme is 
omitted 

As already pomted out by Adlei el al (3), the affinity between isocitric 
acid and its dehydrogenase is extremely high, under the conditions of the 
optical test. Reaction 5 still proceeds at optimum rates wuth concentra- 
tions of d-isocitrate as low as 1 2 X 10“® Ji Since onl}'- 50 per cent of the 
sjmthetic df-isocitiic acid used thioughout this work was found to react 
with TPN in the piesence of the dehydrogenase, the concentrations of iso- 
citiate given in Table I and Figs 1 to 5 are one-half of the actual concentra- 
tion used Maitius (1) has shoum that Icvoiotatory (in the presence of 
mobffidenum salts, see foot-note 1) isocitiic acid is formed by the 
action of aconitase on citiic acid, hence d-isocitric acid is the natuialform 

The heart extracts used in this work are practically free from aconitase, 
so that, at the dilutions obtaining in the optical test, there is no reaction 
xvith either citiic or czs-aconitic acid, unless aconitase is added This is 
illustiated in Fig 1 These tests weie earned out in the presence of added 
Mn++, i e , under conditions m which Reaction 5 is obtained Curve 1 
shows the course of the reaction ivith isocitric acid. Curves 2 and 3 with 
cis-aconitic and citiic acids respectively, these two compounds react only 
after addition of aconitase at the time mdicated by the arrow 
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The amount of heart extract used for each test m the experiments of 
Fig 1 (0 05 cc ) was much higher than usual, m order to insure an excess 
of isocitnc dehydrogenase For most 0 01 to 0 02 cc is used The heart 
extracts contain on the average 3 to 5 mg of protem per cc , so that 40 to 
80 7 of protem are generally used m a test Salt fractionation of the 
extract yielded preparations of some 4 times higher specific actmtj' 



I’m 1 Optical tests with isocitnc dehj drogenase and aconitase Reduction 
of TPNox determined spcctrophotometncallj at wave-length JIO mu Quartz 
cells, d == 1 0 cm 0 3 cc of 0 1 si gl} cine buffer, pH 7 2, 0 05 cc of heart extract, and 
1 8 micromoles of MnClj, mth other additions as indicated, made up vnth water to 
a final volume of 3 0 cc Temperature, 21® 0 0662 noicromole of TPX„ added at 
zero time Curve 1, with 0 126 micromole of d-isocitrate (Sjnthetic df-isocitrate 
vas used throughout in twice the amounts given for d-isocitratc The / isomer is 
biologically inert ) Cune 2, with 1 26 micromoles of cis acomtate Curve 3, with 
1 26 micromoles of citrate Acomtase (see “Methods”) added at the time indi- 
cated by the arrow, Curve 2, 0 02 cc , Curxc 3, 0 05 cc The acomtase fraction used 
contained 30 mg of protein per cc 

Isocline Dehydrogenase — Spectrophotometnc evidence for Reaction 3 
can be obtamed when no Mn++ is added and is given m Fig 2 It -mil be 
seen that, with 0 0744 micromole of TPN„x and 0 109 micromole of d- 
isocitrate, the reduction of TPN, which is rapid at first, gradually ap- 
proaches an equihbnum which is reached m about 15 mmutes, when only 
about three-fourths of the nucleotide is reduced Addition of synthetic 
ovalosuccinate at this pomt (Arrow 2) brmgs about rapid rex ersion of the 
reaction toward a new equihbnum which can agam be displaced m the op- 
posite direction by increasmg the isocitratc concentration (Arrow 4) 
At Arrow 3, addition of hln++ is followed by a rapid reduction of the TPX, 
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proceeding almost to completion This indicates that llcaction 4 is now 
also in opeiation The oxalosiiccinatc is decarbo\ 3 dalcd and the equilib- 
rium obtained coriesponds to that of the over-all Reaction 5, which lies 
far to the light 

Ovgi-AU Reachon — The occuiience of Reaction 5 fiom left to right was 
established, as ahead)’’ mentioned, thiough the fundamental work of 



Fig 2 Reversibility of the reiction catalyzed by isocitnc dchj drogenasc (Re- 
action 3) Reduction of TPNox and oxidation of TPNrco determined spectrophoto 
metrically at wave-length 340 m^i Quartz cells, d = 1 cm 0 3 cc of 0 1 glycine 
buffer, pH 7 2, 0 01 cc of heart extract, and 0 109 micromole of d-isocitrate, nitli 
other additions as indicated, made up with nater to a final volume of 3 0 cc Tem- 
perature, 23 0 0744 micromole of TPNm added at zero time Arron 1 indicates 

the optical density that would be obtained if all of the added TPN nere reduced 
when the volume is 3 0 cc At Arrow 2, either 0 495 micromole (Curve o) or 0 99 
micromole (Curve h) of oxalosuccinate was added At Arrow 3, addition of 1 8 
micromoles of MnCl; At Arrow 4, addition of 0 545 micromole of d-isocitratc 
Curves a and b represent separate experiments 


Martins and Adlei et al The possibihty that this leaction might be le- 
veisible was suggested by the observation that the oxidative lemoval of 
citric acid by heart homogenates was markedly diminished in the piesence 
of arsenite, which prevents the fuithei oxidation of the a-ketoglutarate 
formed, so that this keto acid accumulates Wlien the system was in- 
hibited by malonate instead of arsenite, citiic acid was conveited to suc- 
cimc acid + CO 2 with uptake of 1 mole of oxygen, and its removal was about 
25 per cent faster than in the presence of arsenite ((14), Table I) It was 
subsequently found m specti ophotometne expeiiments that a-ketoglutaiic 
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acid definitely inhibited the reduction of TPN by isocitnc acid in heart 
extracts Thus, •mth 8 5 X 10~® ii isocitnc acid the reaction rate is as 
inhibited 26 per cent by 2 3 X 10“^ m and 41 per cent bv 4 G X 10~’ M 
a-ketoglutanc acid 

The reversibility of Reaction 5 can be readil}' shosm spectrophoto- 
metricallj’' On addition of a-ketoglutarate to a reaction mixture con- 
tainmg heart extract, reduced TPN (TPNred ), Mn"*^, and COj, TPXred is 
oxidized, indicating progress of the reaction from nght to left The mam 
precaution to be observed m this type of ex-penment is that, owing to the 
significant absorption by «-ketoglutanc acid at 340 mfi, the measurement 
of the keto acid solution into each control and expenmental absorption cell 
should be made mth the greatest possible accuracj' 

Pig 3 illustrates the effect of different concentrations of a-ketoglutarate, 
at a constant COo concentration, on the extent and rate of oxidation of 
TPNred On mixing isocitrate, TPNox , lMn++, and heart enzvTne, m the 
presence of COz-contaimng bicarbonate and glycme buffer, the pvTidme 
nucleotide is rapidly reduced Smce at this point the total volume of 
3 0 cc has not yet been reached, the optical density of the solution is a 
httle higher than that correspondmg to reduction of all of the TPN present 
when m a volume of 3 0 cc (mdicated bj' Arrow 1) Addition of a-keto- 
glutarate IS indicated by Arrow 2 The sensitive dependence of Reaction 
5 on the concentration of CO 2 is illustrated by the effect of passing nitrogen 
through the reaction mixture to expel some CO 2 This is immediatel} 
followed by reduction of TPN and readjustment of equihbnum (Fig 3, 
Curve c, Arrows 3 and 4) Fig 4 illustrates the effect of different concen- 
trations of CO 2 on the rev'^ersal of Reaction 5 The slow oxidation of TPN 
that occurs on addition of a-ketoglutarate mthout previous addition of 
bicarbonate-C02 is undoubtedly due to the presence of some CO 2 , partly 
because no special precautions were taken to use C02-free solutions and 
partly because of CO 2 formed from isocitnc acid dunng the preliminary re- 
duction of TPN It maj'- be seen that, for a given concentration of a- 
ketoglutarate, the rate and extent of oxidation of TPNred are markedh 
dependent on the concentration of CO 2 
The need of Mn++ for reversal of Reaction 5 is illustrated in Fig 5 
Curve a (Arrow 2), given for comparison, represents the course of Reac- 
tion 5 from the beginning (since jMn++ was present from the beginningj 
Curve h, in the absence of Mn++, represents the course of Reaction 3 
On addition of a-ketoglutarate, at Arrow 3, only a veiy* slovi oxidation 
TPNrtd occurs, probabfy owmg to the presence of traces of M 11 *■' 01 Mg*~ 
in the reaction mLxture However, on addition of Mn"^ (at .Vriow 4) 
the rate of oxidation of the reduced nucleotide is signifitantlv increased, 
and the reaction tends to reach equihbnum at the same TPNoi TPN„d 
ratio as m the control Curve a 
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Smilar lesults to those so fai dcsci]l)ecl in tins section are obtained if 
rPlVox IS leduced by tlic glucosc-G-pbosiilnilo dcbjdiogenasc sj'stem 



^ I-'ic 4 

tionRfl<jfn 0 %'or-all Reaction 5 Spcctrophotomctnc detcrmina 

nrevioiLv^f ^ Ta ^ “c of 0 1 M glycine buffer, pH 7 2, 0 3 cc of 0 1 MNaHCO, 

of MnCI anrl'n^im ^ 1 S micromoles 

madpun^^rli f micromole of d-isocitrntc, with other 'ulditions ns indicated, 

Sole oT™ aS ? ^ Temperature, 22-24'> 0 0744 micro- 

a-ketoilnt^Z ""r "o'.V™" ^ 2 At Arrow 2, addition of 

micromoles At ”’q ™°romolcs. Curve h, 0 S4 micromoles. Curve c, 41 2 

reaction mivturo fnSi an 4, a fine stream of nitrogen w as blow n through the 
expenments minu e to expel CO- Curves a, b, and c represent separate 

tronhotom^ 'varying concentrations of carbon dioxide on Reaction 5 Spec 

S 7 ? 0 01 ee t 1 2 0 3 cc Of 0 1 M glycine buSer, 

d isocitrate with ^ ^ micromoles of A'lnCU, and 0 109 micromole of 

d-isocitrate mth other ad Jtions as indicated, made up wath wmter to a final volume 

Arrow 1 2^24 0 0744 micromole of TPNox added at zero time 

Curve la no ‘NT^wm nn of 13 7 micromoles of a-ketoglutarate, 

solZn of 2a, 0 15 cc of 0 1 m NaHCO.CO, (0 1 m 

rresent iftw ? Previously saturated with 100 per cent CO= at room temperature) 
CO nrVsen? f r T beginning, Curve 3a, 0 3 ee of 0 1 m NaHCO,- 

Zt'JZnZl r ?K °f 34 3 micromoles of «- 

CO nrPRP ff ' present, Curve 2b, 0 3 cc of 0 1 m NaHCO,- 

Curv^PR T ^ IK At Arrow c, addition of 0 1 cc of 0 1 ir NaHCOj-CO- 

Curves la, 2a, 3a, lb, and 2b represent separate experiments 


(Reaction 6) This procedure has the advantage that the enzyme system 
used for the preliminary reduction of TPNo. is different from the one used 
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to oxidize TPNred and, once TPN is reduced, addition of Mn++, a-keto- 
glutarate, and bicarbonate-COo is mthout effect until the heart extract, 
containing the isocitnc dehj drogenase srj’^stem, is added Thus, it serves 
as a control of the experiments previously discussed m this section This 
type of experiment is illustrated m Fig 6 At tune zero, TPNox was added 
to a mixture of glucose-6-phosphate and glucose phosphate dehydrogenase 
(Zmschenferment) m glycine buffer of pH 7 5, and the nucleotide was 



Fig 5 Necessity of manganous ions for reversal of Reaction 5 Spectrophoto- 
metnc determinations as in Figs 1 and 2 0 3 cc of 0 1 m glycine buffer, pH 7 2, 

0 3 cc of 0 1m NaHCOj previously saturated with 100 per cent CO., 0 01 cc of heart 
extract, and 0 109 micromole of d-isocitrate, with other additions as indicated, made 
up vith water to a final volume of 3 0 cc Temperature, 22-23° 0 0744 micromole 

of TPNoi added at zero time Arrow 1 as in Fig 2 Curve a, 1 8 micromoles of 
MnCl. present from the beginmng Curve 6, no MnClj present at the beginmng 
At Arrovs 2 and 3, addition of 27 4 micromoles of a-ketoglutarate At Arrow 4, 
addition of 1 8 micromoles of MnCl. 

rapidly reduced as mdicated bj the mcrease m optical densit}^ That the 
optical density reached is higher than that corresponding to complete 
reduction of the nucleotide present when in a volume of 3 0 cc is agam due 
to the fact that the volume of the reaction mixtures at this time is less than 
3 0 cc pending addition of further reactants It will be obsen ed that on 
addition, at Arrow 2, of a-ketoglutarate, hlnCl;, and COrsaturated sodium 
bicarbonate there is an immediate drop of the optical densitj' due to dilu- 
tion of the reaction mixture There is no other change, however, until, at 
iVrrow 3, heart extract is added, when a rapid oxidation of TPN sets m 
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(Curve a) until a balance is i cached when i,hc ioduc(,iori of 'I’PNo^ by Reac 
lion G IS compensated by the oxidaiion of 'J’PNr,,i In Pend ion 7 The 
ovei-all leaciion occuiiiug undci this condition is Pcuction 8, which wall 
be discussed in more detail in a follow infi; section Cm ve h was obtained 



Fig 6 Demonstration of the rcvcrsibilitj- of Reaction 3 with the glucose 6 
phosphate dehvflrogenase sjstcm for the prehminarj reduction of TPN Spectro 
photometric det->rminations as in Figs 1 and 2 0 3 cc of 0 1 Mgljcinc biifTor, pH 

7 5, 0 2 cc of glucose phosphate dehydrogenase (5 mg per cc ), and 3 23 micromoles 
of glucose-6-phosphate, with other additions as indicated, made up with water to a 
final volume of 3 0 cc Temperature, 22-23° 0 0744 micromole of TPNoi added at 

zero time Arrow 1, as in Fig 2 \t Arrow' 2, addition of 0 3 cc of 0 1 M NaHCOj 
previously satui ated wnth 100 per cent CO«, 1 S micromoles of MnCb, and 34 3 micro 
moles of a-ketoglutarate (Curve a) (decrease of optical density at tliis point is caused 
b^ the dilutioa of the leaction mixture to almost its final volume of 3 0 cc) 
At Arrow 3, addition of 0 02 cc of heart e\ti act Cui ve h, no hlnCl" added at Arrow 2, 
1 8 micromoles of MnClj added at Arrow 5 Curve c, no a-lvctoglutarato added at 
Arrow 2, addition of 34 3 micromoles of o’-kctoglutarate at A.riow 4 

on addition of heart extiact, at Arrow' 3, to a leactnii mixtuie to which no 
was added, at Arrow 2 Even though tlieie is a mailced diop of 
optical densitj', it is not as lapid as that of Cuive a, indicating that the 
Mit*^ concentiation is limiting In fact, addition of Mn++, at Airow 5, 
mai kedlj' speeds up the reaction This again shows that Mn++ is needed 
foi leversal of Reaction 5 The fact that, m these expeiiments, the reac- 
tion occurs without Mn+^ addition is probably due to the piesence of Mn++ 
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(and Mg++) m tlie crude preparation of Zicischenferment Cun’-e c corre- 
sponds to a sample ivliich had not received a-ketoglutarate at Arrow 2 
The drop of optical density on addition of heart extract at Arrow 3 is agam 
due to dilution of the reaction mixture, then the absorption remains sta- 
tionary until, at the time mdicated by Arrow 4, a-ketoglutarate is added 
The reversibility of Reaction 5 has been recently confirmed by Gnsoha 
and Vennesland using C'^O; (15) The reaction has also been found to 
occur in parsley root preparations (16) 

Eqiiilibnum Constants — ^The equihbnum constant of Reaction 5 can be 
easily determined by the spectrophotometric method, smce, mthm certam 
linuts, if the mitial concentration of reactants is known, the concentra- 
tions at eqmhbnum wdl be determined bj’' the ratio TPXoi TPXrcd 
The measurements were earned out as foUovs To the absorption cells 
were added isocitrate, a-ketoglutarate, 0 02 m XaHCOj (eqmhbrated with 
the desired mixture of mtrogen and carbon dioxide), ^MnCla, heart extract, 
and water to make a volume of 2 9 cc , and the solutions were equilibrated 
with the N 2 -CO 2 gas mixture which was bubbled through the reaction mix- 
tures m a fine stream for 3 nrunutes After a zero time readmg of the op- 
tical density was taken, 0 1 cc of water was added to the blank and 0 1 
cc of TPX to the expenmental cell, the reaction mixtures were agam ga'^sed 
for 2 mmutes and the cells were closed with their cox ers, a little x a«elme 
being used on the hds to insure tight closure Readmgs xvere then taken 
until the optical density remamed constant, indicatmg attainment of 
equihbnum, xvith the amount of heart extract used this occurred xnthm 
3 to 4 mmutes The measurements were earned out at room temperature 
(21-23°), no special precautions bemg taken to insure temperature con- 
stancy m the absorption cells The concentrations of COj and bicarbonate 
m each experiment xxere so chosen that, from the Henderson-Hasselbalch 
equation, pH 6 87 should be obtamed assummg pKi = 6 14 The pH of 
the reaction mixtures was alwajs determmed xxath the glass electrode at 
the end of each run and xmned between pH 6 8 and 7 1 
The concentrations of d-isocitnc acid in the solutions used for these 
experiments were prexnously determined enzx'maticalK as described under 
“IMethods ” Smce the concentrations of a-ketoglutarate and CO; are 
x'erj large bj’’ companson xnth those of TPX and isocitnc acid, their x ana- 
tion m a gix en expenment can be neglected, hence thex hax e been assumed 
to be constant m the calculation of the mdixadual equilibnum constants 
The xalue used for the CO; concentration xxas the one calculated irom the 
absorption coefficient (a) of CO: b}' xvater, at the expenmental temperature 
and CO; partial pressure corrected for the water xapor pressure The 
ax'erage room temperature of 22° was used m this calculation This x alue, 
ex-pressed as (HsCOj), gixes the total concentration in solution of free CO. 
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as well as of undissociated II2CO3 Since the oqinhbnum of Reaction 4 
IS piobably dependent on the concentration of fiec CO 2 m solution, the 
values for the constants obtained fiom (IIsCOi) must be considered to 
contam the hydration equihbiium constant of CO2 
The lesults of a seiics of mcasuienicnts, in uhich the concentrations of 
CO2 and a-ketoglutaiatc weie vaned vilhin vide limits, are given in Tabic 
I The average value foi the cqinlibiium constant (Kq) of the over-all 

Taiili I 

Equihbmim Conslanl of Uvu-All Reaction d-Ihocitnc Acid + TPNoi a 
Kcloglulauc Acid -p COi -f TPNrtii (Reaction 6) 

0 02 cc of heart e\tiact, 1 S micromoles of AlnClj, and various amounts of 02 
M NaHCOa made up to a volume of 3 0 cc with additions as indicated Gas, N. 
with various concentrations of COi, temperature, 21-23°, pll of reaction mixtures 
at the end of the experiment G 8 to 7 1 Quart? cells, d = 1 0 cm 


Ex 

pen 

ment 

No 

Con 
centra 
tion 
of CO: 
in gas 
mixture 

6 

Initial concentration of reactants, 
moles X lO't per cc 

Concentration of reactants 
at equilibrium 
moles X lO't per cc 

A 

u 

5 . 

TPNox 

d Isoci 
tratc 

rt Keto- 
glu 

toratc 

(H COi) 

d Isoci 
tratc 

TPNrccl 

TPNox 


1 

per cent 

5 0 


0 2392 

0 2724 

114 0 

18 6 

0 1662 



X J0-> 

0 98 

2 

6 0 



0 5448 

114 0 

18 6 

0 3798 

0 1650 

0 0742 


3 

5 0 

100 


0 2724 

45 6 

18 6 

0 1464 

>■ 1 1 

1 (c 

1 55 

4 

5 0 

100 

0 2392 

0 2724 

45 6 

18 6 


\ 

^8 ' ' 

1 75 

5 

5 0 

100 



22 8 

18 6 

|mi 


! I 

1 39 

6 

10 0 

200 

• ! 


91 2 

37 3 



1 1 

1 34 

7 

21 0 

420 

j ! 

mmm 

22 8 


nB 


1 ' 

1 43 

8 

32 0 

640 

j ! 


22 8 


0 1848 

BK : n 


1 19 

9 

47 0 

940 



45 6 




Bl 1 ' 

1 94 

10 

2 8 

56 



114 0 

IB 




0 76 

Average 








' 

1 32 


Reaction 5, at the pH and tempeiatuie given, was 

^ (cf-Isocitrate) (TPNqt ) 

“ (a-Ketoglutarate) (HiCO,) (TPNrod ) ~ 


1 3 X 10-^ 


The rather laige variations between individual values may be due, in part, 
to the variations m temperature betxveen individual evpeiiments It 
may be pointed out that Reaction 5 should moie properly be xviitten 

d-Isocitrate'’ + TPN+ ^ a-ketoglutarate" -p CO 2 -h TPNH 


The equilibrium constant of Reaction 3 can be determmed m the same 
manner However, the mstability of oxalosuccmic acid makes an acemate 
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estimation of this constant rather difficult, and it seems desirable to post- 
pone such measurements until purer preparations of i«ocitnc dehydrogenase 
become available An approximate estimate has, however, been obtamed 
from data such as those used m Fig 2 The approximate value of i?, = 
((d-isocitrate) (TPNoi )/(o\alosuccmate) (TPNrcd)) was about 0 3 at pH 
7 2 and 23° 


Table II 

Enzymatic Identification of d-Isocilnc Acid Formed by Reaction 8 
1 0 cc of heart extract and 2 0 cc of glucose phosphate dehj drogenase (5 mg per 
CO ) made up to 16 0 with additions including 64 micromoles of glucose-6-phosphate, 
680 micromoles of a-ketoglutanc acid, 1 3 micromoles of TPN, 2 0 micromoles of 
MnClj, glycine buffer, pH 7 5 (final concentration 0 018 ■m), and 6 0 cc of 0 1 m 
N aHCOs previously saturated inth 100 per cent CO2 at 20° pH of reaction mixture 
7 2 After incubation for 1 hour at 20°, protem was precipitated with tnchloroacetic 
acid, the supernatant was treated with barium acetate, and the banum salts were 
fractionated as descnbed in the text The fraction of banum salts insoluble in 35 
per cent ethanol at pH 7 3 was used It was dissolved in dilute HCl, the banum was 
removed with Na SO<, and the solution neutrabzed to pH 7 3 with dilute KaOH 
Aliquots of this solution were incubated with the aconitase preparation descnbed 
in the section “Methods ’’ 



Time of incu 
bation with 
acomtase at 25* 

d Isoatnc aad 
found* 1 

1 

Citnc aad 
foandf 



acom-j 

mtn 

7 

7 

Expenment 1 

1 cc ahquot -1- 1 cc 


0 

182 0 


tase 



' 5 

12 6 


Expenment 2 

3 cc aliquot + 3 cc 

acorn- 

0 

546 0 

45 Of 

tase 



' 10 


450 0 


* Determined enzymatically with isocitnc dehydrogenase 
t Determined chemically 

t Approximate value, too low for accurate determination 


The eqmhbnum constant (Kc) at pH 7 2 of the carboxylase reaction, 
^ e Reaction 4, can be calculated from the values of Ko and K, 

„ (Oxalosuccinate) _ ^ _ 1 3 X 10^* _ p 4 y in-i 

(a Ketoglutarate) (CO ) K, 0 3 

This y alue is close to that of 0 2 X 10“’ calculated from free energy data 
by Evans, Vennesland, and Slotm (17) for the reaction catalyzed by oxal- 
acetic carboxylase, t e , oxalacetate ^ pyruvate -h CO 2 
Dismntahon hetueen Gliicose-6-phosphale and a-Keloglutaraie -h CO 2 — As 
mentioned above, the synthesis of isocitric acid by reversal of Reaction 5 
can be markedlv increased by dismutation vrth glucose-O-phosphate (Re- 
action S) Under these conditions enough isocitnc acid is obtamed for 
identification Table II presents such an experiment After mcuhation. 
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mos^NTiinsis or 'rmc\unoxM.ic vcid^; in 


the lenction mixtiiu' was dopioteini/ed with an efiual volume of 10 per 
cent tncbloioac elic acid, and the siipeinalaid vas cooled in icc and neu 
tialized with N.iOII to pll G 0 VHci 5 cc of 2~^ per cent baiium acetate 
weie added, and suGicicnt dilute NaOII to hung the pll to 7 3, a small 
amount of piecipitate was (ontiifugcd oil and discaidcd The supernatant 
yielded, on addition of 0 G lolume of ethanol, (>0 8 mg of a crude barium 
salt uhich contained 2 2 mg of d-isociinc acid as dctci mined enzymaticallv 
Addition of anothei 0 5a olume of eth.inol a leldod 00 3 mg of barium salt, 
with only tiaces of isocitiic acid As is shouu m O’nblc II, an aliquot of 
the first baiium salt containing 182 y of r/-isocifiie acid, determined cn- 

Tadic TII 

ICnzymalit Sijnlhctis of Trtcaiboxyhc Acid by Ditmutation bcliiccn a-Kcloglular 
ate + CO; and Glucose 6-phosphatc, loilh and uilhout Aconilasc (Enzy 
malic Determinahon of Isoctlric and Total Tricarboxylic Acids) 

0 2 cc of he irfc extract and 0 G cc of glucobc phnsplialc dclivdrogcnnsc (5 mg 
per cc ) made up to 2 0 cc d ith additions including 25 micromoles of glucose C phoa 
phatc, 0 15 micromole of TPN, 34 micromoles (5 mg ) of a-kctogliitanc acid, and 
80 micromoles of NaHCOj Gas, SO per cent N- and 20 per cent CO*, pH 7 0, tern 
perature 25° The leaction was started by tipping in a-kctoglu(aralc from the side 
bulb of Warburg vessels after temperature equilibration 


Expel 1 

Simple 

Tricarboxylic 

1 Tricarbox>lic acid formed 

i ^ 

No 1 

acid 



60 

120 

determined 

10 

20 




min 

min 1 

min 

min 




y 

y 

7 

7 

1 

No acomt.ise, 2 micromoles MnCb 

Isocitric 

151 

202 

270 

325 



Total 

1G4 

225 

320 

404 

2 

‘ ‘no MnCl; 

Isocitric 

1 


203 



“ ‘ 2 micromoles MnCl; 

(( 

1 

i 

335 


3 

0 2 cc aconitase, 2 micromoles 

(( 

18 

12 

30 

32 


MnCh 1 

Total 

102 

1 

ISO 

1 

408 

5SS 


zymatically, lost 169 4 y (or 93 per cent) on incubation ^vlth aconitase for 
5 minutes, 12 6 y (oi 7 per cent) remained unchanged This is in good 
agieement avith the values obtained by Maitius and Leonhardt (7) for 
the aconitase equilibrium, t e , 7 7 pei cent d-isocitiic acid and 92 3 pei cent 
citiic and as-acomtic acids A larger aliquot, containmg 546 y of d- 
isocitiic acid by enzymatic estimation, yielded 450 y of citric acid on 
incubation iMth aconitase for 10 mmutes, i e , 82 per cent of the isocitric 
acid was conveited to citric acid Martms and Leonhaidt (7) give 89 2 
pel cent citiic acid at equilibrium 

Various othei Imes of evidence support the occuirence of Heactions 8 
and 9 Table III shows the results of experiments m which the course of 
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the (hsmutation, both m the absence and presence of acomtase, vras fol- 
lowed by separate enzymatic determmation, at vanous tune mtervals, of 
both d-isocitnc acid and total tncarboxyhc acids Although, as previously 
mentioned, the heart extracts are largely devoid of acomtase, when rela- 
tively large amounts of the extract are used and the mcubation penods are 
long there is some formation of tncarboxyhc acids other than isocitnc, 
as may be observed in Experiment 1 of Table III Experiment 2 shows 
some increase m the sjmthesis of isocitnc acid when ISInCl; is added The 
fact that substantial amounts of tncarboxyhc acid are found m the absence 
of added Mn++ must be attnbuted, as discussed above, to the presence 
of the metal m the crude preparation of Zmschenferment Experiment 3 
shows, as was expected from the predicted equihbnum shift, that, m the 
presence of acomtase, the reaction proceeds faster and farther than m its 
absence, i e , more tncarboxyhc acid is formed m a given time (c/ Expen- 
ments 1 and 3, especiallj" at 60 and 120 minutes) The ratio of isocitnc 
acid to total tncarboxyhc acid in E\-penment 3, from 20 to 120 minutes, is 
close to that expected for the acomtase equihbnum 

The course of the dismutation can also be readdy followed manometncaIl3’- 
at pH 7 0 m a bicarbonate-contaimng medium, owmg to the fact that, 
vhile the absorption of 1 CO2 eqmvalent is compensated bj' liberation from 
the bicarbonate of another CO2 eqmvalent bj’’ the thud carboxyl group of 
the tncarboxyhc acid formed (pKs of citnc acid at 25®, 5 4), the oxidation 
of glucose phosphate to phosphoglucomc acid creates an extra carboxyl 
group which displaces a CO2 eqmvalent Fig 7 illustrates the course of 
such a reaction and demonstrates the accelerating action of acomtase 
The reaction was started b5" tippmg m a-ketoglutarate from the side bulbs 
of the Warbiug vessels after temperatme eqmhbration The keto acid 
was carefullj’’ neutralized to the final pH of the reaction mixtiue m the mam 
space In the absence of a-ketoglutarate there is no reaction, smce the 
oxidation of glucose phosphate ceases as soon as the small catabdic amount 
of [TPN is reduced 

Table W shows experiments m which the course of the hexose monophos- 
phate-a-ketoglutarate-C02 dismutation m the presence of acomtase (Re- 
action 9) was followed for penods up to 6 hours, both the disappearance of 
a-ketoglutarate and glucose-6-phosphate and the production of citrate and 
phosphogluconate w ere determmed at v'anous time mterv als As explamed 
above, the C02 evolution, which was followed on an ahquot of the mam 
leaction mixture, is a measure of the formation of phosphogluconate from 
hexose monophosphate Glucose phosphate, a-ketoglutarate, and citrate 
were determmed bj chemical methods on aliquots withdrawn from the 
mam reaction mixture at the mtervals specified in Table IN* The reac- 
tion mixtures w ere incubated m 100 cc Erlenmej er flasks and w ere eqmli- 
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bratccl with a gas mixtuic of 80 per cent nitrogen and 20 per cent CO 2 
throughout the incubation poiiod It will be observed that while there is 
a faiily good agieement between the CO» evolution (formation of phos 
phogluconic acid), on the one hand, and the lemoval of a-ketoglutarate 
and glucose-6-phosphato, on the othei, the amounts of citric acid found fall 
shoit of the expected values, even if they are increased by 10 or 11 per eent 



Fio 7 Time course of the dismutation between a-ketoglutarate + COi and glu- 
cose-6-phospliate, mth and without aconitasc, as determined by the liberation of 
carbon dioxide from bicarbonate caused by formation of phosphogluconic acid Tor 
each experiment 0 1 to 0 2 cc of heart extract and 0 0 cc of glucose phosphate deh)- 
drogenasc (5 mg per cc ) were made up to a volume of 2 0 cc nith additions including 
0 15 micromole of TPN, 2 0 micromoles of MnCh., and SO micromoles of NaHCOi 
Curve 1, mill 0 2 cc of acomtase, 64 micromoles of glucose-6-phosphate, and 6S 
micromoles of a-ketoglutarate Curve 2, with 0 2 cc of aconitasc, 25 micromoles 
of glucose-6-phosphate, and either 34 (O) or 27 5 (X) micromoles of a-keto 
glutarate Curve 3, with 25 micromoles of glucose-6 phosphate and 34 micro- 
moles of a-ketoglutarate but without aconitasc Gas, 80 per cent N 2 and 20 per 
cent CO 2 , pH 7 0 Temperature, 25° The reaction was started by tipping m 
a-ketoglutarate from the side bulb of Warburg vessels after temperature equilibra- 
tion 

to obtain the value for total tricarboxylic acid Owing to the crude condi- 
tion of the enzymes used, some side inactions must occur which are re- 
sponsible foi the observed discrepancy The natuie of these reactions has 
not yet been investigated 


DISCUSSION 

The expel imental results presented m this paper indicate the possibility 
of extensive biosynthesis of tricarboxylic acids tlirough fixation of carbon 




S OCHOA 


149 


dioxide by a-ketoglutanc acid The occurrence of such a fixation is due to 
the reversibihty of the reaction oxalosuccinate a-ketoglutarate + CO 2 
'\\Tiile the equihbnum of this reaction is far to the right, i e in the direction 
of decarboxylation, it can be shifted m the opposite direction through re- 
duction of oxalosuccinate to d-isocitrate by reduced tnphosphopyndme 
nucleotide (TPNred) m the presence of isocitnc dehydrogenase If the 
oxidized TPN (TPKoi ) thereby formed is reduced by an independent de- 
hydrogenase system of suitable oxidation-reduction potential, there occurs 

Table IV 

Bismutalion between ct-Keloglularale -j- COi and Glucose-6 -phosphate in Presence 
of Acomtase {Manometnc and Chemical Estimations) 

1 0 cc of heart extract, 6 0 cc of glucose phosphate deh> drogenase (5 mg per 
cc ), and 2 0 to 4 0 cc of acomtase made up to 20 cc with additions including 1 3 
micromoles of TPN, 20 micromoles of MnCl;, and 800 micromoles of NaHCOj Gas, 
80 per cent N« and 20 per cent COj, pH 7 0, temperature, 25° Evolution of CO- 
determined manometncallj with 2 0 cc aliquots of reaction nuxtures All values 
expressed in micromoles 


Ezpeninent 

Ko 

Glucose 

phosphate 

added 

Kctoglu 
tarate added 

1 

locubattoQ 

time 

COj e% oh ed 

Citnc acid 
formed 

Kctoglu 
tanc acid 
removed 

Glucose 

phosphate 

remoed 




hrs 





1 

640 

680 

2 

81 2 

53 6 

84 4 





6 


101 6 

140 0 

156 0 

2 

250 

275 

0 5 

27 2 

11 2 

28 7 





1 

36 5 

20 8 

1 

39 0 




2 

46 0 

30 5 

46 7 





3 

59 0 

38 2 

57 0 





6 


44 0 

106 0 

102 0 

3 

250 

275 

0 5 

46 0 

26 3 

51 2 





1 

51 0 

35 0 

59 0 





2 

77 5 

52 8 

87 2 





3 

90 0 

60 0 

114 0 

104 0 




4 5 


62 5 

127 0 

125 0 


a further shiftmg of equilibnum m favor of CO 2 fixation The successful 
use of the TPK-specific glucose-6-phosphate dehydrogenase sj'stem for 
such a purpose has already been discussed in the foregoing section The 
oxidation-reduction potential of this sj’'stem (reductant) is gi\ en b} Barron 
(18) as E'o = —0 43 volt at pH 7, -while that of the isocitnc oxalosuccmic 
sj'stem (the oxidant) has been estimated, from the approximate \alue of 
the equilibrium eonstant reported m this paper, to he m the neighborhood 
of —0 30 volt (19) Essentiallj , the exergonic oxidation of glucose phos- 
phate is made use of here to drive the endergomc carboxj'lation of a-keto- 
glutaric acid An appro-nmate estimate of the free energ}' change of this 
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carboxylation, from its equilibiium constant, gives a value of about +4000 
calories (19) Furthei disturbance of the equilibiium wtli shifting in the 
direction of CO 2 fixation occuis, as shown in the pievious section, through 
isomerization of d-isocitiic to citiic acid m the picsencc of aconitasc, owing 
to the fact that the equilibiium of such a leaction is markedly in favor 
of citiic acid The fiee eneigy changes of the paitial 1 cacti ons involved 
m this system of CO 2 fixation have been discussed elsewhere (19) 

The type of caiboxylation leaction heie consideicd (/3-carbox3dation) is 
to be distinguished fiom “reductive” carboxylation which, as Lipmann 
(20) discovered, occurs by reveisal of the oxidative dccarboxjdation of 
a-keto acids The latter reaction involves a much gi cater change of fiee 
energy which is supplied in part by eneigy-iich phosphate through the 
generation of an acyl phosphate bond by leaction ivith ATP (20) In this 
connection it should be emphasized that the reactions discussed in this 
paper, whethei partial or over-all, pioceed in cither direction in the absence 
of inorganic phosphate and ATP Fiuther, no generation of phosphate 
bonds IS connected ivith the oxidation of isocitiic acid to a-ketoglutaric 
acid and CO 2 (14) 

It IS temptmg to speculate on the possibility that the tricarboxjdic acid 
formed by CO 2 fixation might break down, possibly bj’’ levcisal of its as 
yet pooily understood synthesis from dicarboxyhc acid and a C 2 deiivative 
If so, the tiicaiboxylic acid cycle of ICrebs as a whole might be leversible 
As discussed elsewhere (19), such mechanisms might conceivably be at work 
m photosynthesis and chemos^mthesis 

A question of gieat interest is whethei isocitiic deh 3 ’’diogenase and oxalo- 
succinic carboxylase are distinct enzymes and can catalj'^ze the over-all 
Reaction 5 acting togethei, or whethei this reaction, ic the reveisible 
oxidative decarboxylation of d-isocitric acid to a-ketoglutaiic acid and CO 2 , 
is catalyzed by a single enzyme Wliile it would appeal that the evidence 
presented in this paper favois the formei possibility, paitial puiification 
of the heait extracts has so far failed to separate the two activities The 
need for caution on this point was stressed bj’’ the finding that the reversible 
conversion of Z-malate to pyiuvate and CO 2 , a leaction identical in natuie to 
Reaction 5, is not catalyzed by a combination of malic dehydrogenase (21) 
and a partially purified oxalacetic caiboxjdase fiom Micrococcus lyso- 
deikiicus m the presence of either DPN or TPN and manganous 10 ns, this 
observation led to the isolation of an enzyme from pigeon liver which, m 
the presence of Mn++, catalyzes the reversible Reaction 10 (22) 

(10) (-Malic acid -J- TPNo.t pyruvic acid -f- CO 2 + TPNmd 

Extensive purification of the pigeon liver enzyme- has shmvn that it also 
catalyzes the decaiboxylation of oxalacetate to pyiuvate and CO 2 (but not 

- Ochoa, S , Mehlcr, A H , and Kornberg, A , unpublished 



B OCHOA 


151 


the reduction of oxalacetate to /-malate by TPNred ), and strongly suggests 
that a single enz^'me is involved m the catah sis of Reaction 10 Thus, m 
the case of chcarbo\> he acids, ve have a mahe dehj'drogenase, an oxalacetic 
carboxxlase, and, m all probabiliU , another single enzanne that catalyzes 
Reaction 10 Undei these conditions, the possibility that such a situation 
maj aho obtain in the case of tnearbowhe acids cannot be discarded until 
a decision can be made through purification of the enzn'mes involved, such 
vork IS now m progress 


Methods 

^ Enzyme Preparations 

Isocline Dehydrogenase — ^The preparation of pig heart extracts contain- 
ing isocitnc dehj drogenase and oxalosuccimc carboxjdase hac been de- 
senbed in a preanous paper (12) Partial purification of the isocitnc de- 
hjdrogenase was obtamed as follows The undialyzed phosphate extract 
vas cooled to 0° and treated with sufficient calcium acetate solution to 
precipitate the orthophosphate The calcium phosphate was centrifuged 
off at 0° and the supernatant (pH 5 6) was brought to pH 6 2 with NasCO- 
and to 60 per cent saturation at O'" with sohd ammomum sulfate, the pre- 
cipitate was filtered off and discarded The enziine precipitates as the 
ammonium sulfate is mcreased to 65 per cent of saturation The pre- 
cipitate was dissolved m water and refractionated with ammomum sulfate 
The fraction between 40 and 50 per cent ammomum sulfate saturation was 
dissolved m w ater, brought to pH 8 0 wnth dilute ammonium hydroxide, 
and treated with a suspension of atumma gel C7, the alumma was centn- 
fuged off and discarded This procedure led to a 4-fold mcrease of the 
specific activity of isocitnc dehj drogenase as compared with that of the 
mitial extract The acti\ntv' determmations were based on the over-all 
Reaction 5, the rate of leduction of TPN, m the presence of the enzxTne, 
Mn++, and an excess of isocitnc acid, was determined spectrophotometn- 
cally Under these conditions, the reduction of TPX follows a first order 
icaction Smee the mitial rate of reduction of TPX was found, wnthin 
certam limits, to be proportional to the concentration of eim me, an enzvme 
unit was defined as the amount of enzyme causmg an increase m optical 
density (at 340 m^t) of 0 01 in the 1st nainute The course of a fractionation 
is summanzed in Table V 

The purified preparations also catalyzed the decarboxj lation of oxalo- 
succimc acid 

icomtase — The actmtj of this enzjme was also deterimned spectro- 
photometncallj b\ measunng the rate of reduction of TPX, 111 the presence 
of an excess of isocitnc deln drogenase (cont iinmg oxalosuccmic carbox^ - 
lase) and Mn+^, ivith either citnc acid or cis-acomtic acid as substrate 
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In the absence of acoDitase theic is no icaction In the presence of aconi- 
tase, and undei certain conditions which have been woikcd out by Dr A 
ICoinbeig in this laboiatoiy,’ the icaction is zeio order ovei most of its 
course 

A crude but veiy active aconitase piepaiation was obtained as follows 
The ventriculai muscle of five pig hearts was washed with water, cooled m 
ice, and min ced cold The mmee (about 880 gm ) was extracted foi 1 hour, 
at 3-4°, with 1 liter of distilled watei vuth occasional Stirling, the mixture 
was pressed thiough gauze and the fluid centrifuged at 0° The following 
operations were carried out at 0° To the extract (810 cc ) were added 
372 gm of solid ammonium sulfate (65 pei cent saturation) under vigoious 
stirrmg and, aftei standmg ovei night, the piecipitate was filtered off and 
dissolved in 100 cc of distilled watei A small amount of insoluble mateiial 
was centrifuged off The solution (134 cc ) was dialj’’zed foi about 70 


Table V 

Partial Purification of Isocitnc Dehydrogenase 


Step 

Specific 

activity 

Yield 


umts per mt 



protein 


Extract 

167 

100 

1st (NH^lsSOi fractionation (0 G-0 C5 saturation) 

436 

14 

2nd “ “ (0 4-0 5 saturation) 

500 

6 5 

Supernatant from Al(OH)3 

670 

4 2 


hours agamst 2 liters of 55 per cent satuiated ammonium sulfate, the pre- 
cipitate was centrifuged off at 15,000 R p m and discarded To the solution 
(56 cc ) were added 8 6 cc of saturated ammonium sulfate (degree of satura- 
tion "With ammonium sulfate, 65 pei cent) The precipitate was centri- 
fuged off at high speed and dissolved in 30 cc of water, and the solution 
was dialyzed for 3 hoius against i unning tap water at 10° and centrifuged 
at high speed to remove a small amount of piecipitate foimed on dialysis 
The specific activity of aconitase m this solution is only about twice as high 
as m the initial extiact, the main advantage achieved being a much higher 
concentration of the enzyme The enzyme is veiy unstable and loses 
activity rather rapidly even when stoied at 0° 

Chemical Piepaiations 

Tnphosphopyndine Nucleotide — ^TPN was prepared essentially accord- 
mg to the method of Warbuig, Chiistian, and Giiese (23) The purity of 


5 Kornberg, A , unpublished 
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the preparation was determined spectrophotometncally with isocitnc 
dehydrogenase in the test system of Reaction 5 This is possible because 
the equdibnum of such a reaction is so far to the nght that, with an excess 
of isocitnc acid, the nucleotide present is practical!}’’ reduced to completion 
With the value for the molecular absorption coefficient of TPiSTred given 
by Warburg (10) , /3 = hi (Jo/ I)/c X d = 1 3 X 10' (sq cm per mole) , the puri- 
ty of the desiccator-dned preparation was 54 6 per cent This was m fairl}’’ 
good agreement -with the value of 50 4 per cent calculated from its phos- 
phorus content, assummg that the molecular weight of TPN is 743 The 
preparation was free from morganic phosphate, but its nbose content, 
determmed by the method of Mejbaum (24), was higher than theory (nbose 
to P ratio, found, 1 05, theory, 0 67) The preparation was free from DPN 
as tested with crystaUme tnosephosphate dehydrogenase (25), m the 
optical test system of Warburg and Christian, m the presence of arsenate 
(26) ^ Its almost complete freedom from adenosme mono- and poly- 
phosphates was established by a sensitive spectrophotometnc test - 

Isocitnc Acid — di-Isocitnc acid was prepared by the method of Fittig 
and Miller (27) The crude material obtamed after decomposition of the 
banum salt was washed -with a httle cold ethyl acetate, dissolved in just 
the required amount of ethyl acetate at loom temperature, and the solution 
was treated •with petroleum ether to a permanent turbidity, the isocitnc 
acid crystallized on standmg m the ice box The material melted at 125° 
■with softemng between 90-100°, 69 8 mg required 10 5 cc of 0 1 N NaOH 
for neutralization (m ice water) and the same amount after bemg boiled, 
mdicatmg freedom from isocitnc acid lactone One-half of the synthetic 
isocitnc acid reacts in the isocitnc dehydrogenase test, this mdicates that 
the product contains only the naturally occumng acid and its enantio- 
morph and is, therefore, dJ-isocitnc acid (28) By titration with TPN, 
m the optical test of Reaction 5, the punty of the preparation was estimated 
to be 99 per cent 

Other Preparations — Glucose-6-phosphate was prepared synthetically by 
the method of Levene and Raj'mond (29) After bemg dned in vacuo 
over PjOs, the banum salt contamed 7 6 per cent P (calculated for 
CsHiiOsPBa, 7 84 per cent) cis-Aconitic anhydnde was prepared by the 
method of Malachowski and hlaslowski (30) The anhydnde (m p 75°) 
was dissolved m warm ethyl acetate (premously saturated with water at 
room temperature) and the acid crystallized by addition of chloroform to a 
permanent turbidity, as described by Krebs and Eggleston (31), it melted 
at 125° Oxalosuccmic and a-ketoglutanc acids vere prepared as pre- 
■viously descnbed (11, 32) 

* I am indebted to Dr E Hacker for this determination 
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Analytical Methods 

Enzymatic — In the piesonce of an excess of TPN, f/-isocitiic acid can be 
deteimined by the optical test system of Reaction 5 Since, as picviously 
discussed, the equilibimm of this leaction lies vciy far to the ngbt, for all 
piactical puiposes all of the d-isocitiic acid picsent ivill icact, 1 mole of 
TPN being leduccd by 1 mole of (7-isocitiic acid In the aliscncc of signifi- 
cant amounts of HCOa" ions, Q-lceloglutaiic acid does not appreciably 
mteifere with the estimation, even if piesent in a i datively laige molai 
excess (20- to 30-fold) vnth i elation to isocitric acid The leaction mix- 
tures whose d-isocitric acid content is to be determined aic treated with 
0 1 volume of 0 2 i^i acetate buftei, pH 4 0, boated foi 2 minutcb in a boiling 
watei bath, and cooled, the coagulated piotein is icmoved by centrifuga- 
tion Ihey can also be depi oteinized with tiichloioaeetic acid, filteied, 
and neutialized In eithei case the supernatants, which should be cleai, 
aie piactically fiee fiom CO2 Suitable aliquots, containing a few micio- 
giams of isocitiic acid, aie used foi the estimation The deteimination is 
earned out in the piesence of Mn++, as desciibed above, witli sufficient 
heart enzyme to complete the leaction in a few mmutes The final r olume 
of reaction mix-tuie in the absoiption cells was 3 0 cc , c? = 1 0 cm After 
a zeio time leading of the optical density at 340 my is taken, the icaction 
is usually staited by adding TPNo% , leadings aie then taken at fiequent 
mtervals until theie is no fuithei inciease in optical density Our piepaia- 
tions of TPNo-^ show a veiy small absorption at 340 my, which is sub- 
ti acted fi om the final reading Smee the moleculai absoi ption coefficient of 
TPNr«i IS /3 = ln(Jo//)/ c X (7 = 1 3 X 10'^ (sq cm pei mole) (10), 01 the 
extinction coefficient a = log {Io/I)/c X d = 0 5644 X 10^ (sq cm pei 
mole), foi log (Jo//) = 0 01, the concentiation c of TPNrcd 01 d-isocitiic 
acid will be c = (0 01/0 5644) X 10“’, 01 0 01772 X 10“’ mole pei cc and, 
foi a volume of 3 0 cc , 0 0532 X 10“’ mole 01 (smee the molecuLu weight 
of isocitiic acid IS 192) 1 02 7 of isocitiic acid The quantity in miciogiams 
of isocitiic acid in the aliquot used, undei oui expeiimental conditions, is 
thus obtained by multiplying by 102 the maximum A log (h/I) 1 cached 
Ihis method is lapid, sensitive, and quite specific foi d-isocitiic acid, even 
if the enzyme pi epai ation used is the ci ude dialyzed heai t exti act Except 
foi the piesence of a verj’’ weak glutamic dehydrogenase, these extiacts aie 
fiee of dehydiogenases leacting mth TPN other than isocitiic dehydio- 
geiiase (^ e , glucose and glucose phosphate dehydiogenases and the lecently 
desciibed enzyme catatyzing the leveisible oxidative decaibox3dation of 
malic acid (22) ) Since the equihbi lum of the glutamate a-ketoglutai ate 
+ NH3 system is fai to the side of glutamate (33), glutamic acid does not 
interfeie unless present in laige amounts 

Because the heal t extracts aie piactically devoid of aconitase, tiicaibox- 
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A he acids other than d-isocitnc acid aie not determined by the above method 
IIo\\e^el, cis-acomtic and citnc acids can be loughlv determmed bj addi- 
tion of aconitase to the reaction mixtuie once the reaction with isocitnc 
acid (if am is present) is complete Undei these conditions, cis-aconitic 
acid reacts veiT rapidlj’’ and reduces 1 TPN eqinvalent On the othei 
hand, the leaction with citnc acid is vei 3 '’ slow, owing to the llnfa^orable 
equilibrium, and, even after 30 mmutes, onl^ about 80 per cent of the citnc 
acid has reacted Thus, for approximate estimations of total tricaibox 3 '’hc 
acids, after detemunmg d-isocitnc acid, 0 05 to 0 1 cc of acomtase is added 
ind a fen leadings aie taken If the optical density increases fm'ther, 
indicatmg the presence of other tncarbox^'hc acids, the reaction mixture 
IS set aside and its optical density at 340 m/t is determmed agam after 30 
or more mmutes until there is no further sigmficant change 

Chemical — Citnc acid was determined m tnchloioacetic acid filtrates 
bj'' the method of Goldberg and Bernheim (34) Appiopnate blanks and 
at least t\\ o controls vath knonai amounts of citnc acid v ere alwaj's run 
simultaneousty with each senes of determinations Glucose-6-phosphate 
as determined in tungstic acid filtrates ba' its rednemg pon er, since it v a<! 
the onla reduemg substance present m the reaction mixtures m which prog- 
ress of Reaction 9 was followed The method of Shaffer and Somogaa 
(35) was u«ed and the copper reagent was standardized wath knoivn amounts 
of glucose-6-phosphate a-Ketoglutanc acid was determined in trichloro- 
acetic acid filtrates bj the method of Fnedemann and Haugen (36) 

scanmna 

Crude solutions of isocitnc dehj diogenase from pig heart cataljze, m 
the presence of TPX and manganous ions, the reaersible comersion of 
d-isocitnc acid to a-ketoglutanc acid and carbon dioxide The reaction 
invokes two leieisible steps (a) d-isocitnc acid -h TPXot oxalosuccmic 
acid + TPX„^ , and (5) oxalosuccimc acid o-ketoglutanc acid + CO 2 
Step (5) requires ]Mn++ but step (o) does not The aaailable eaadence 
suggests that steps (a) and (b) are catalj'-zed bj- two distinct enzjmes, 
isocitnc deha drogenase and oxalosuccimc carboxa lase respectivelj , but 
final decision on this point must await punfication of the enzrsmies im olved 
The eqiiihbniim constant of the o\ er-all reaction 

rf-Isocitnc acid -t- TPNoi « ketoglutanc acid CO -k TPXrod 

(d-Isocitrate) (TPNei) \ 

(a Ketoglutaraf e) (H CO:) (TPXrc 1 ) / 

is ibout 1 3 X 10"’, indicating that equihbnum lies aen far m the direction 
of decaiboxj lation 

'Phe equihbnum can be markedlj shifted m the direction of CO: fixation 
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by combination mth the glucose-G-pliosphatc dchyclrogenasc STstcm In 
this case, TPN is leduced accoiding to the leaction, glucose-G-phosphate + 
TPNox 6-phosphogluconate + TPNrcd The net lesult is the dismuta- 
tion, glucose-6-phosphate + a-ketoglutaiate + CO 2 = G-phospliogluconate 
+ d-isocitiate The isocitiate foimed nas isolated as a crude barium salt 
and identified enzymaticallj’’ with aconitase 
When the dismutation is earned out m the picsence of aconitase, fuither 
shifting of equilibiium occuis in the dneclion of CO 2 fixation, owing to the 
fact that the equihbiium between isocitiic, c?s-aconitic, and citiic acids, 
whose establislnnent is catalyzed by acomta'^e, is predominantly in favor 
of citric acid 

The above results suggest that the enzyme system oxalosuccmic caibovy- 
lase-isocitiic dehydi ogenase-aconitase may play an impoitant part m the 
biological utilization of carbon dioxide 

I am indebted to Di Envm Haas for a generous gift of j^east glucose-G- 
phosphate dehydrogenase and to Di Milton Levs’’ for manj’’ helpful sug- 
gestions IHy thanlcs are also due to Di Erna ■V^''eisz-Tabori for much help 
Avith chemical preparations and estimations, and to IMr Morton C 
Schneider for help with the enzyme preparations 
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SPECTROPHOTOMETRIC STUDIES ON THE 
DECARBOXYLATION OF /3-KETO ACIDS* 
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The decarboxylation of some /3-keto acids of biological importance m 
oxidative metabohsm is catalyzed by specific enzymes Some of these re- 
actions are reversible and, in this nay, play an important part in the 
biological assimilation of carbon dioxide Reactions 1, 2, and 3 are cata- 
lyzed bj’^ specific enzymes from vanous sources 

H 

(1) COOH CH. C CO COOH COOH CHj CHi CO COOH + CO- 

COOH 

Oxalosuccinic acid (OSA) a-Ketoglutanc acid 

(2) COOH CH CO COOH CH, CO COOH + CO, 

0\alacftic acid (OAA) Pyruvio acid 

(« CH, CO CH, COOH CH, CO CH, + CO, 

Acetoacctic acid (AAA) Acetone 

Reaction 1 is catalyzed by an enzyme n idely distnbuted m animal tis- 
sues and piesent in some plants (1) Oxalacetic carboxylase, nluch cata- 
Ijzes Reaction 2, has been found in bactena (2), pigeon liver (3), and, to 
some extent, in othci animal tissues a'^ well as in plants (4) Mehler cl al * 
ha\e partially punfied this enzyme from Micrococcus bjsodeiklicus Aceto- 
acetic carboxylase (Reaction 3) has been obtained from acetone bactena 
in highly punfied foim (5) 

It is w ell know n that the abo\ e d-keto acids are more or less unstable and 
undergo ‘ipontaneous decarboxylation in aqueous solution Their stability 
decreases in the follownng oidei acetoacetic, oxalacetic, oxalosuccmic 

Krebs (G) observed that the decarboxx lation of OAA, but not that of 
AiAA, IS catalyzed bj pohn^aient cation®, notabh bj Zn"^, Cu'^, Fe'^, 

■* Supported bj grants from the United States Public Health 'service, the Rockc 
feller Foundation, the Penrose Fund of the \mcncan Philosophical f-ocicta , and the 
tmencan Cancer Socict \ (recommended b\ the Committee on Gron th of the National 
Research Council) \ prcliminara report of this work has appeared (Frdrrnlinn 
Proc , e, 2GS (1947)) 

t Division of Phvsiologv National Institute of Health I nitcd 'States Public 
Health Scrv ice 

‘ Mehler, A II Ivomberg, A , Gn^olia, S , and Ochoa, unpublished 
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DECARBOXYLATION OF /3-lCLTO ACIDS 


Fe+^, and A1+++ Ca+'^, Ba'' '' , Mg^ and Mn+'*' weie iniicli less cITectivo 

OSA ivas found in fins laboiatoiy to icaci iowaid cafions in (he same way 
as OAA (1) Speck' has lecently added Cd'-<, CV and Ni' ^ to the list 
of cations that acceleiate the dccaibovj'lation of OAA 
Although Mn’’"^, when piesent alone, is a poor catalyst of the decarboxy- 
lation of OSA and OAA, it is lequiicd by tlie specific caiboxylascs for nc- 
tivit}^ (1-4) Mg++ is much less effective Acetoacetic carboxylase does 
not seem to lequiie a metal foi activity (5) 

The intei action of metals, /S-keto acids, and then caiboxylascs had thus 
fai been studied by manometne methods By the use of specti ophoto- 
metric methods we have been able to gam some understanding of the under- 
lying mechanisms of these leactions Oiii lesults indicate that cations like 
A1+++ foim complexes with OSA, OAA, and AAA m the absence of a pro- 
tein The complexes foimed by A1+++ with OSA, and OAA are unstable 
and decaiboxylate at a rate fastei than that of spontaneous decaiboxydation 
of the /S-keto acids, but the AAA complex is stable While Mg'^'*' and ]\In++ 
also foim complexes vith OSA and OAA in the absence of protein, the ex- 
tent of tins complex foimation oi the lability of the complex is too slight 
to effect rapid decaiboxylation Each of these various complexes has a 
characteiistic absoiption spectrum m the ultraviolet Our data also sug- 
gest that the effective catalysis of decaiboxylation achieved by oxalosuc- 
cmic caiboxylase in the presence of Mn+’*' is largely the result of an accelera- 
tion of the late of complex foimation In the case of oxalacetic carboxylase, 
it appears that both the rate of complex formation and bieakdonm are 
influenced 


Results 

Effect of Melxils — The ultraviolet absorption specti a at pH 7 3 of the Na 
salts of OSA, OAA, AAA, and of a-ketoglutaiic and pyruvic acids (the de- 
carboxylation products of OSA and OAA respectively) are shown in Fig 1. 
The absoiption of acetone, which is negligible, is not shown It is evident 
that n ithin a given ivave-length range the decarboxylation of OSA and OAA 
should result m a deciease of the optical density of the solution Ilowevei, 
the addition of A1+++ which, as pointed out above, markedly mcreases the 
late of decarboxylation of these acids, lesults at first not m a deciease, but m 
a shaip inciease of the optical density, followed by a lapid decrease toward 
the level coriesponding to the products of decarboxylation ® This is illus- 
tiated in Fig 2 A1+++ has no effect on the absorption of a-ketoglutaric 

and pyiuvic acids In the case of AAA theie is also a sharp increase m 

- Speck, J F , personal communication 

3 The apparent failure of the optical density to drop to the levels corresponding to 
complete decarboxjdation is due to turbidity contributed by aluminum hydroxide 
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optical density upon the addition of However, the optical density 

remains stationary once the maximum is reached It will be recalled that 
does not cause a decarboxylation of this acid When the maximum 
optical densities obtamed at vanous wave-lengths after addition of A1+++ 



Fig 1 Ultraviolet absorption spectra of /S-keto acids and ttieir aluminum com- 
plexes Solutions of keto acids adjusted with NaOH to pH about 7 3 Final con- 
centrations, 5 X 10"'* M oxalosuccinate and a ketoglutarate, 2 5 X 10“< u ovalacetate, 
pyruvate, and Ah(S04)j, 2 1 X 10“’ m acetoacetate Total volume, 2 0 cc Quartz 
cells, d = 0 5 cm Curve 1, a ketoglutarate either -mth or without Al''“’^, Curve 2, 
oxalosuccinate. Curve 3, oxalosuccinate and Al^“^, Curve 4, pjruvate either nith 
or without Al^^, Curve 5, oxalacetatc. Curve 6, oxalacetate and Al"*^, Cunc 7, 
acetoacetate. Curve 8, acetoacetate and Al'*^ Cunes 3, 6, and S were obtained 
by plotting the maximum densities reached at each iiave-length The expression 
"molecular extinction coefficient’' is used onlj in terms of keto acid concentration 
and not in terms of keto acid metal complex concentration, vhich is unknown 

to aqueous solutions of each of the three j3-keto acids are plotted, Cun es 3, 
6, and 8 (Fig 1) are obtamed 

These results mdicate the Al’ ’ ’ forms complexes, haxnng characteristic 

This IS probablj a result of increased pH during decarboxylation The addition of 
small amounts of acid at the conclusion of the reaction remo\ cd the turbidity and 
resulted in conformity of the optical densities to the theoretical con\ crsion of the 
p-keto acids to the corresponding lower o keto acids 
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ulticiviolet absorption spectia, with each of the above /3-keto acids They 
fuithei indicate that the aluminum complexes of OSA and OAA nic unsta- 
ble and that the keto acid in the complex is i eadily decai boxylated On the 
other hand, the aluminum complex of AAA is stable It should be i ccalled 
that Fc+++, which gives a led coloi with tlic thiee /3-keto acids, acccleiates 
the decai boxylati on of OSA and OAA as effectively as docs A1+'* ' This is 
undoubtedb’^ due to the foimation of complexes witli absoiption in (he vis- 



Fig 2 Time couise of spectril changes of oxalosuccinic and o\ilacetic acids in 
the absence and presence of aluminum ions Final concentrations, 2 5 X 10~< m 
keto acid Wave-length, oxalosuccmate 252 ni/i, oxahectate 270 m;i Othci data 
as in Fig 1 Cuive la, oxalosuccinatc, Cunc 2a, oxalosuccinatc ind 1 25 X 10”^ xi 
A]2(S04)3, Caive lb, oxaiacetatc, Cuivc 2b, oxalacctate and I 25 X 10"' m VI.CSOj) 

ible lange of the specti-um The fact that tlie coloi gn^en by Fe+++ iiith 
OSA and OAA fades lapidly, wlieieasthat given with AAA is stable, demon- 
stiates the similai stability of the Fe'^'^'*' and Al"*^ complexes 

Since Mn++ is lequiicd foi the activity of oxalosuccmic and oxalacetu 
caiboxylases, its effect on the ultiaviolet absorption of the keto acids vas 
deteimined The changes pioduced, although slight, aie definite (Fig 3, 
cf Cuives 1 and 2, 4 and 5) Mn''"*' does not altei the absoiption bya-keto- 

glutaiic and pyiuvic acids The effect of Mg++ on the spectium of OSA 
and OAA is qualitatively similar to that of equimolai conceiitiations oi 
Mn++, althougii somev hat less maiked When follou ed in time at a given 



\ KORVBERG, OCHO\, \ND V H MEHLER 


163 


wave-length, the effect of Mn++ on OSA is similar to, but much less pro- 
nounced than, that of A1+++, there is an mcrease followed by a decrease of 
the optical density (Fig 4, Curve 1) Hence Curves 2 and 5 in Fig 3 vere 
obtamed by plotting against the wave-length the maximum optical densit} 
leached after addition of Mn++ to the keto acids, as vas done m the case of 
^l+++ Therefore, Cuiwes 2 and 5 of Fig 3 represent the approximate ab- 
soiption spectia of the manganese complexes of OSA and OAA respectn eh 



Fig 3 Ultraviolet absorption spectra of keto acids and their manganese cora- 
pleves Final concentrations, 1 67 X 10”* m oxalosuccinate, 2 5 X 10”* m oxalaceHte 
Total volume, oxalosuccinate samples 3 0 cc (d = 1 0 r m ), ovalacetate samples 2 0 
cc (d = 0 5cm) Other data as in Fig 1 Curve 1, oxalosuccinate, Curvc2,o\alo 
succinate and 1 67 X 10”* vi MnCh, Curve 3, ovalosuccinate, MnCl , 0 02 cc of en- 
rymc (pig heart extract), and 0 I34MKCl,Curve4, ovalacctate. Curves, ovalarctatc 
and 5 X 10“* m MnCl* Curves 2, 3, and 5 were obtained plotting the mavimuni 
densities reached at each wave-length 

Oxahsuccinic Carboxylase — As mentioned above, this enzj-me has been 
found m manometnc studies to require Mn"^ for activity, Dlg'^ being in- 
effectu e at similar concentrations (1) Spectrophotometncall}^ addition of 
oxalosuccinic carboxylase to OSA results in a sbght increase in optical den- 
sity at 240 mp, followed by a gradual decrease ■* With both enzrjTne and 

* This effect of the cnzjunt, m the absence of added Mn++, maj be due to the pres 
enco of small amounts of this metal m the crude enznne preparations used The 
effect Inrgelj disappears after the ciujune is diaUzed against pvrophosphatc at pH 
S -1, followed bv dialvsis against KCl to remove the P 3 ropbosphatc 
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Mn"^ present, theie is a laigc and lapid increase in density, succeeded by a 
prompt decline to a value appi oximating that of a-ketoglutaric acid These 
lesults are shoAvn in Fig 4 (Cuivcs 1, 2, and 3) Potassium chloride 
(0 134 m) inliibits the inciease in density associated vith the addition of 



MINUTES 

Fig 4 Spectral changes connected with the enzymatic decarboxylation of o\alo- 
succimc acid Final concentrations, 1 67 X 10“'' m oxalosuccmate, 1 67 X 10-' m 
M nCb Total volume of reaction mixtures, 3 0 cc (d = 1 0 cm ) Wave-length, 240 
m /1 Other data as in Fig 1 Curve 1, oxalosuccinatc and MnCIj, Curve 2, oxalo- 
succinate and 0 1 cc of enzjme (pig heart extract). Curve 3, oxalosuccinate, MnCh, 
and enzyme Curves la, 2a, and 3a, the same as Curves 1, 2, and 3, respectively, but 
each with 0 134 m KCl in addition 

Mn"^ alone (c/ Curves 1 and la. Fig 4), but it greatly augments the changes 
resulting from the addition of oxalosuccinic carboxylase with Mn’*^ and, 
to a lesser extent, those caused by the carboxylase without Mn++ These 
strilcing effects of potassium chloiide are shown in Fig 4 (cf Cuiwes 2 and 
2a, 3 and 3a) , the actual peak of Curve 3a was reached too early to permit 
accurate measurement The action of potassium chloride is probably an 
unspecific effect of increased ionic strength, since the effects of potassium 
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bromide (0 134 m) and sodium chloride (0 134 ji) ere indistinguishable 
from those of potassium chloride The manometnc data in Table I verify 
the stimulator^'’ effect of potassium chlonde on oxalosuccmic carboxj lase 
activity 

The ultraviolet spectrum obtained by plotting maximum optical density 
against -wave-length after the addition of OSA to carboxylase and IMn’^ is 
shown in Fig 3 (Cun^e 3) This curve is closely related to that given by 
OSA and Mn"*^ m the absence of oxalosuccimc carboxylase (Curve 2), con- 
stituting merely a quantitative exaggeration of the deviation of Curve 2 
from that of the OSA spectrum (Curve 1) This fact clearly indicates that 

Table I 

Effect of Potassium Chloride on Enzymatic Decarboxylation of Oxalosuccmic Acid 

The Warburg vessels contained 0 021 m citrate buffer of pH 5 6 and 0 007 ii oxalo- 
Euccinic acid (adjusted with NaOH to pH 5 6), either with or without enzyme, 
0 0013 M MnClj , and 0 134 v KCl, as indicated Final volume 2 8 cc Air m gas 
phase Temperature, 16° Oxalosuccinate tipped m from side bulb after tempera- 
ture eqmlibration 


Additions 

COj evolved m 5 min 

! j 

jPig heart extract (1 6 mg protem) 

"Acotone enzyme” (1 J ms 
protem) 


Change due 
to enzyme 


Change due 
to en^rme 


emm 

c mm 

cjnm 

c mm 

IVIn-H- 

51 


33 


Enzyme and Mn"^ 

138 

87 

86 

53 

Mn-H- and KCl 

42 




Enzyme, Mn’*^, and KCl 

190 

148 

114 

81 


oxalosuccmic carboxylase increases the rate of formation of the OSA-Mn 
complex 

"^Tien Mg++ is substituted for ]Mn'*’+ at similar concentrations, the addi- 
tion of oxalosuccmic carbo-vylase to a mixture of OSA and the cation, 
whether m the absence or presence of KCl, produces httle or no spectropho- 
tometne change beyond that obtamed on mixmg OSA and !Mg++ in the ab- 
sence of the enzjmie This is in agreement with the obsened ineffective- 
ness of Mg++ in manometnc ex-penments Since Mg^ and brmg 

about similar changes on the absorption of OSA, it v ould appear that the 
ineffectiveness of hlg'^ \nth oxalosuccmic carboxvdase is due to lack of 
affimty bet-n een the protein and this metal 

Further evidence that the spectrophotometric clianges obsen ed on mix- 
ing oxalosuccimc carboxj lase and OSA, m the presence of Mn-^^, are Etnctl 3 - 
spccific and mtimatelj’’ related to the decarbo-Q lation of the keto acid is 
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fiiinished by (a) the failuie of oxalosuccmic caiboxyhifae to produce any ef- 
fect on OAA eithei m spectiopliotoractnc oi manometnc (1) experiments, 
and (b) the absence of eithci spectiophotomctiic oi manometnc (1) cfiects 
of oxalacetic caiboxylase on OSA All these Jesuits indicate that there are 
two factois involved in the formation of an active oxalosuccinic caiboxylase 
system the possibility of complex foimation between /3-keto acid and metal, 
and the specific affinity of the enzyme foi each of these 



0 2 4 6 

MINUTES 


Fig 5 Spectral changes of oxalosuccinntc clecirboxylation 'it vauous cnrjme 
concentrations All samples contained 1 G7 X m oxalosuccinate, 1 G7 X 10“< v 
MnCh, and 0 134 m KCl Total volume of reaction mixtures, 3 0 cc (d = 1 0 cm ) 
Wave-length, 240 m/i Other dat i as in Fig 1 Cun cs 1, 2, and 3^0 03, 0 02, and 0 01 
cc of enzjmio (pig heart extract) respectively The arron s at the Ion or left indicate 
the times at nhich maximum optical densities nere reached in each case 

The cuives in Fig 5 demonstiate that theie is some piopoitionality be- 
tween the concentiation of oxalosuccinic caibox 5 dase and the maximum op- 
tical density in the piesence of constant amounts of Mn++ and keto acid 
It avill be obseived, in addition, that the time foi attainment of the maxi- 
mum value is related inveisely to the enzjune concentiation, and also that 
the late of subsequent fall of optical density loughly paiallels enzyme con- 
centiation These lesults suggest a lapid and sensitive optica! test foi ox- 
alosuccmic caiboxjdase 

Deteimination of the optimum concent lations of OSiV and iMn++ w.is 
made until a constant amount of enzyme u itli the maximum densit 3 '' as a 
measuie of activity Undei these conditions the optimum concentiation of 



Table II 

Comparative Effectiveness of Mg'^ and Mn** on Oxalacelic CarboxyJase of 
Micrococcus lysodeif ticus 


The Warburg vessels contained 0 025 m acetate buffer, pH 5 0, 0 0095 m ovalacetic 
acid (adjusted with. NaOH to pH 5 0), and 0 5 mg of enzjune Other additions as 
indicated Final volume 2 Occ Air in gas phase Temperature, 25° 


MgCl. 

MnCIi 

COj evolution* 


I Change due to metal 

if 

it 

c rrm 

emm 



16 

i 

5 X 10-^ 1 


21 

5 

1 X io-» 


48 

32 

4 X 10-* 


64 

48 


8 X 10-' 

37 

21 


2 X 10-< 

70 

54 

1 

5 X 10-< 

1 

84 

68 


* Dunng 5 to 15 minutes after tipping oxalacetate from the side bulb 



lie 6 Spectral changes connected mth the enzjniatic decarboxj lation of oxal- 
acctic acid Final concentrations, 25 X 10~' \i oxalacetate, 25 X I0"‘ m MnCl 
Total \ olumc of reaction mixtures, 2 Occ (d *= 0 5 cm ) Waxe length. Curves la and 
2a, 230 mfi, Curves lb and 2b, 290 mu Other data as in Fig 1 Curves la and lb, 
oxalacetate and MnCF, Curves 2a and 2b, oxalacetate, MnCl- and 0 5 mg of 
enzyme from Micrococcus lysodcil ticus 
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decakboxyl^tion of /3-keto acids 


OSA was about 2X10“^ i\i, yIuIc conccntiations o^ ci 4 X 10“‘ m A\erc m- 
lubitoiy Optimum conccntiations of ]\Tn''~*' wcic also i cached at about 
2 X 10“‘ M 

Oxalacetic Cmhoxylase — Kiampitz and Weikman lepoitcd that Mg^ 
and Mn++ weic appioximatel}'’ equally cncctive m stimulating the decar- 
boxylation of OAA m the picscnco of ciude lysed picparations of il/?cro- 
coccus hjsodeilhcus (2) With a paitially puiificd picpaiation from the 
same source we found, as m the case of o\alosuccinic carboxylase, thatMn++ 
IS much more effective than Mg++ This is shown m Table II 

The cuives m Fig 6 show the spectral changes obsciwcd on mixing OAA 
with Mn++, eithei with oi without oxalacetic caiboxylasc, at two diffeient 
wave-lengths, 230 and 290 mju It should be i ccallcd that at 230 my, Mn++ 
does not altei the absoiption of OAiV, whereas at 290 m^ it produces its 
maximum absoiption mcieasc (Fig 3, Cuiwcs 4 and 5) It is apparent that 
the two cuives lepresentmg enzjmiatic decaibox3’'lation dilTei markedly 
There is a prompt and stead}'- decline at 230 my, uhile a tiansitoi}" plateau, 
indicatmg formation of a complex, piccedes the decline at 290 my The 
activity of the oxalacetic enzyme is not enhanced b}’’ increased salt concen- 
tration 


DISCUSSION 

' Smee metal complexes are probably formed with the enol form of keto 
acids, the non-enzymatic leactions of OSA and OAA studied m this paper 
might involve the following steps 

(I) ^-Keto acid cnol 

(II) Enol -f- cation ^ complex 

(HI) Complex a-keto acid CO 2 4- cation 

None of the above is an instantaneous xeaction Each proceeds at a rate 
depending upon the nature of both the keto acid and the cation When the 
cation IS Al-^^, and piesumably any which have been shown to accelerate 
the decaiboxylation of the two keto acids, the above set of reactions would 
proceed 1 apidly m the absence of an enzyme, since aluminum complexes are 
eithei formed lapidly 01 aie veiy unstable oi both 
Enzjmatic catalysis of the over-all reaction, /3-keto acid?^ a- keto acid -f 
CO2, might be due to acceleration by the enzyme of one of the above re- 
actions (Nos I, II, or III), of tu o of them, or of all tin ee Smee the enzjunes 
aie actii'e onlj’- m the presence of Mn++ and since this cation by itself is not 
very effective in acceleiating decarboxylation, the enzj'me might be con- 
sidered to catalyze Reaction I, tc the formation of enol However, since, 
as previously mentioned, the spectrophotometric changes produced b}’’ 
Mn++ and ]Mg++ on OSA, in the absence of enzyme, are about the same, it 
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would seem that the aflamty of the keto acid for each of these ti\ o cations is 
approximately equal This elimmates the po3Sib±ty that the enzyme 
merely acts by catalyzmg Reaction I, since one would then expect equal 
effectiveness of and Mn++ m the presence of enzyme 
The mechanism of the enzyme-catalyzed reactions may be convemently 
discussed with the accompanymg scheme as a basis 


P-'Keto acid < enzyme complex 

+ Mn++ 

+ Enzyme , , 



a keto acid 
-4- Mn"^ 


/’ + 


enzyme 


COi 


Enzyme -f- complex 


In the case of OSA decarboxylation, our data are m agreement with the 
view that the enzyme catalyzes the formation of an OSA-jMn complex It 
IS difficult to mterpret the mcrease m optical density caused by the enz 3 'me 
as due to an 5 rthmg but mcreased complex formation While it is clear that 
this mcrease m complex formation can account for a major part of the over- 
all catalysis of decarboxylation, it caimot be determined from our data 
whether the enzjme-OSA-Mn complex dissociates mto enzyme and OSA- 
Mn complex, which then decarboxylates spontaneously (Reactions a+ i* + 
c), or whether the over-all reaction proceeds mainly by vay of the partial 
reactions, a and b 

The abihty of the enzyme to catalyze the reaction m the direction of car- 
boxylation of a-ketoglutanc acid has been demonstrated by hnlvmg the 
synthesis of the /5-keto acid with reduction to isocitrate (7) This reversal 
IS most likely to proceed by Reactions b and a, smce a non-enzymatic tn- 
molecular reaction to form OSA-Mn complex from a-ketoglutanc acid, 
COz, and jMn++ is very unlikely 

In the case of oxalacetic carboxylase the time curv’^e v ith enzyme, riln+^, 
and OAA at 290 mp (Fig 6) does not show much mcrease m complex ov er 
that formed by and OAA m the absence of enzyme but it mdicates 
that, in the presence of the enzyme, the complex decarboxy lates more rap- 
idly Comparison with the cun es obtamed at 230 mp, at which the OA.k- 
Mn complex has the same absorption coefficient as OAA, shows that the 
enzyme must increase the rate of complex formation because the cun e at 
290 mp (Curve 2b) show s no decrease m density^ at a pomt w hen that at 230 
mp (Cune 2a) mdicates that the OAA is already decarboxy lated to some 
extent It would then seem that, m this case, the reaction is proceeding 
by w'ay of the partial reactions, a and b 

The action of acetoacctic carboxylase seems to mv oh e an entirely’ differ- 
ent mechanism from that operating m the case of the oxalosuccinic and oxal- 
acetic enzymes The decarboxy lation of AAA is unaffected by metals and, 
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although complexes can be loimcd with polyvalent cations, such complexes 
aie stable It would appeal that the natuzc of I he ^-Iccto acid, and especi- 
ally its degiee of stability and its ability to foim unstable metal complexes, 
laigelj'’ deteiniines the meclianism bj' which cnz 3 'nintic decaiboxj'^Iation is 
earned out With the veij'’ unstable OSA theie aic no indications of the 
need foi a pi esthetic gioiij) liesides Mn''^ Witli the moio stable OAA a 
pi esthetic gioup might well be involved in addition to Mn^”* llecciit work 
suggests a possible function of biotin in some en/vnies (oneeined with OAA 
and dicaiboxjdic acid metabolism (8) In the ease of AAA, much moie 
stable than the othei twm /3-kcto .icida, the woik of Davies suggests the 
piesence of an as j’^et unknowm pi esthetic gioup m the caiboxylase, and no 
metal is involved (5) 

It IS well knowm that amines have a maiked catalytic effect on the decar- 
boxylation of /3-keto acids, aniline (9) is widcl 3 ' used for then fiuantitative 
estimation Idiis might lead one to believe that ammo gioups on side 
chains of a numbei of pioteins might geneiall^’^ catalyze /5-kcto acid dccai- 
boxylation m an unspecific maniiei While this seems to be true to some 
extent (10), it is doubtful whethei this unspecific catalysis is of any signifi- 
cance in the biological leactions involving /3-keto acids 

Methods 

Spccti ophotomdne Mcasw aments — To each of twm quartz cells there were 
added equal amounts of the vaiious components, w'lth the exception of the 
keto acids These weie added onlj'- to one cell, while the othei cell seiw'ed 
as control foi 100 pei cent light tiansmission The addition of keto acid 
was always made last and was immediately preceded hy a zero time lead- 
ing of the optical density of the expeiimental solution No buffeis w'eie 
used othei than the keto acids themselves, although, as already mentioned, 
an inciease in pH may cause some tuibidity in the presence of aluminum 
ions Measurements w^ei e made in air at room tempei atui e in the Beclonan 
spectiophotometei Other experimental details aie gn en m the legends to 
the figuies 

Enzyme Pi epai ations — The oxalosuccinic caiboxylase w^as a dialyzed ex- 
tinct of washed, acetone-diied pig heart (1) containing fiom 3 to 5 mg of 
protein per cc In some cases the ice-cold extiact was precipitated wuth 
3 volumes of acetone at 0° An aqueous solution of the diied acetone pie- 
cipitate, aftei lemoval of an insoluble lesidue by centiifugation, was then 
used as the enzyme This is ref ei red to as “acetone enzyme ” The oxal- 
acetic caiboxylase w'^as a partially purified prepaiation from Miciococcus 
lysodeikticus * This was kept as a diy acetone pow^dei and w'as dissolved 
m watei befoie use 

Chemical Pi epai ations — The piepaiation of oxalosuccinic acid has ahead}’^ 
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been descnbed (1) The banum salt was dissolved m water, with the aid 
of some dilute hj’^drochlonc acid, and converted to the sodium salt just be- 
fore use Oxalacetic acid was obtained by hydrolysis of diethyl oxalacetate 
accordmg to Erampitz and Werkman (2), with modifications suggested bj' 
Dr Fntz Lipmann ® The preparation of acetoacetic acid was made accord- 
ing to Davies (5) Crystalline sodium pyruvate and a-ketoglutam acid 
i\ ere prepared as previously descnbed (11) 

SUMMARY 

The catalytic decarboxylation of oxalosuccmic and oxalacetic acids bj 
alummum ions is preceded by the formation of unstable mtermediates hav- 
ing characteristic ultiaviolet absorption spectra The peaks are at 252 and 
274 mti lespectivelj' The mtermediates are issumed to be jS-keto acid- 
alummum complexes vhich undergo lapid decarboxjdation Acetoacetic 
acid forms a similar but stable complex with Al~^ Spectral changes oc- 
curnng with and Mn'^'^ also suggest the formation of complexes vuth 
these cations 

In the presence of hln^ and oxalosuccmic acid, oxalosuccmic caiboxj'- 
lase causes a pronounced mcrease m absoiption at 240 m/j, presumably as 
a result of increased formation of an intermediate oxalosuccmate-manganese 
complex, this mcrease is followed by a rapid drop, mdicatmg decaiboxyla- 
tion These effects of the enzyme are markedly augmented, as is the de- 
caiboxjdation of oxalosuccmate followed manometncalh , by an increase of 
the ionic stiength of the reaction mixtures to 0 134 m 

In the piesence of ^In++ and oxalacetic acid, oxalacetic carboxylase 
brings about a rapid decieasc m absoiption, mdicatmg decarboxydation, at 
230 lUfi At 290 mfi this decrease is pieceded by a small transient mcrease 
In this case, if the carboxylase bungs about an increased formation of an 
intermediate oxalacetic-manganc'e complex, the decaiboxjlation of thw 
complex must be mci eased to a similar extent 

J'lie spectiophotometnc and manometric changes produced by oxalosuc- 
cmic and oxalacetic carboxylases on their respectne substrates are stnctly 
specific with legaid to ;3-keto acid and metal 
The aboi c lesults aie discussed m connection with the mechanism of the 
roictions cataUzed by cations and bv /3-keto rcid caiboxw bases 

e w isli to thank Di Isidor Greenw aid and Dr Milton Le\-y for helpful 
suggestions We are also indebted to Mr Morton C Schneider for skilful 
technical issi«t ince 

‘ Vcroinial communication We are lerj indebted to Dr Lipmann for this in- 
formation 
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THE stereoche:mistry of an enzyalatic reaction 
THE oxidation OF 1-, d-, AND epz-INOSITOL 
BY ACETOBACTER SHBOXYDANS* 

Bt BORIS MAGAS ANIKt and ERWEs CHARGAFF 

{From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia Unuersily, New YorJ ) 

(Rccei\ ed for publication, December 10, 1947) 

The property of certain members of the group of acetic acid bacteria (1) 
that brmgs about the mcomplete o-adation of vanous substrates, stoppmg 
often at the primary oxidation product, is emphasized m the name of the 
bactenal type with which this paper deals, Aceiohacter suboxydans (2) 
The action of this organism on polyhj'droxy compounds terminates, as a 
rule, \\ ith the formation of a monoketo compound Certam stencal limita- 
tions, observed experimentally, have foimd their expression m the well 
known rule of Bertrand (3) which, however, does not apply to all substrates 
(1,4) 

It occurred to us that the stereochemical specificity of this mterestmg 
enzyme system could be defined with greater precision if a stereoisomenc 
senes of cychc polyhydroxy compounds were emploj’^ed as the substrates of 
oxidation, smce m this case the lack of free rotation aroimd carbon to car- 
bon bonds should permit a clearer correlation between reactivity and the 
spatial arrangement of the reactive groups For this purpose, several iso- 
mers of the mositol group and related cychtols were chosen The oxidation 
rates were studied manometncaUy and whenever possible the oxidation 
products isolated and identified 

The experiments, ivhich m part have been presented ^ery bneflj m a 
preliminary communication (5), acre earned out nith resting cells * Smce 
the locahzation of the enzyme sj^stem within the bactenal cell is unknoi^m, 
it is not yet possible to present an adequate discussion of the reasons for the 
differences m oxidation rates found for the several stereoisomers Should 
the speed of permeation of the substrate mto the cell prove to be the rate- 
determmmg step, then it would become necessary to consider the bactenal 

* This work was supported in part bj a grant from the American Cancer Society 
on the recommendation of the Committee on Growth of the Xational Research Coun- 
cil 

t This report is from a dissertation to be submitted b^ Bons Magasanik m partial 
fulfilment of the requirements for the degree of Doctor of Phllosoph^ in the Faculty 
of Pure Science, Columbia Um%ersitj 

• The OMdatn e enzymes of Acctobactcr ha\c so far not been obtained in a cell-free 
state (I) 
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cell wan as a steiically seleciive systoni If llic enzyme is bitnatcd atthe 
bacteiial suiface oi if a non-selcctivc dilTusion opcialcs, the intcb of oxida- 
tion would be an expiession of the cquihbiium conditions govcining the 
foimation of the paiticulai substiate-enzyme complex oi its leaction with 
oxygen (Foi recent discussions of peimcabilitV) cf (h, 7) ) In any ev’^ent, 
the selection foi enzjrmatic attack of one oi moie of the steiically distinct 
secondarj^ hydioxyl groups of the inositol must dciivc fiom the diicct action 
of the bacterial oxidase on the cyclitol The natuic of the Acctohaclci oxi- 
dase 01 oxidases, however, still is completclj'^ unknown 

While it cannot yet be stated defimtely that the same (>nz 3 ’me is lesponsi- 
ble for the oxidation of the different steieoisomem discussed heie, the pie- 
limmaiy information available ivould appear to favoi fins assumption 
Mixtures of meso- and d-inositol, each m a concentration sufficient to satur- 
ate the enzj^me system, ivere found to be oxidized at a rate identic al w ith 
that at which either of the components alone was handled Furtheimore, 
the resting bacteiia (cultivated in the piesence of D-soibitol, but in the ab- 
sence of the inositol isomeis) oxidized even as unusual substiates as epi- 
inositol 01 d-ep^-lnosose w ithout a lag phase, as should have been the case 
if adaptation had been a lequisite for enzymatic oxidation 

The planar projections of the cyclitols used as subsfiatcs .incl of some of 
the oxidation products are shown m structures I to XI The stiuctuie of 
I is based on the wmrk of Dangsehat and Fischei (8) and of Posternak (9), 
and that of II (10), III (9), TV (11), VI (12), and VII (9) on the senes of 
brilhant stuches b}'^ Posternak - 

The ma\imal oxygen consumphon of the various substiates is summanzed 
in Table I In these expeiinients, canied out witli a high conccntiation of 
bacteiia, the diffusion of oxj’-gen into the suspension became the limiting 
factor Veronal buffer could be substituted foi the usually emploved phos- 
phate buffer of pH 6 0 wuthout changing the natiiie of the oxidation of ineso- 
inositol 

In the case of meso-inositol (I) the lesults of IQuyvei and Boezaaidt (14) 
w'^eie confirmed The consumption of 1 gm atom of ox 3 ^gen pei mole of 
substrate indicated the foimation of a monoketo deiivative, nieso-viosose 
(VII) This compound has fiequentty been isolated in diflfeient laboia- 
toiies (14-16) 

Similai lesults weie obtained wuth ept-vnositol (II) w'hich yielded a levoio- 

= The numbering of the caibon atoms is similar to the one adopted by Ebel ((13) 
p 619) The carbon atoms are numbered clockivise, 1 and 6 chosen with then In 
dro\ 3 ds in trans position The structuic is ai ranged in such a mannci as to liave as 
many hydiowl groups as possible cis to the one in position 1 Where this scliemc 
dlous two possibilities, that ariangement is chosen in which the caibon atoms witli 
lydro\jds CIS to the one in positihn 1 have the lowest positional numbcis The same 
system is used for keto and desoxj' derivatives 
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I mcso-Inositol, c\clohe\ane-(l,2,3 5)- II c/H-Inositol,cjclohe\ane-(l,2,3,4,5)- 
c(^-hexol cw-hexol 



III Scylhtol, c\clohe\ane-(I 3 5)- 
ct5-he\ol 



IV Mnositol, c\clohe\ane-(l ,2 4)- 
cts-he\ol 



V d-Inositol, cyclohe\ane-(l 2,5)- 
cts-hexol 



VI d-Quprcitol, cjclohe\ane-(l,2 5)- 
cis-3,6-pentol 



VII 77]e5o-InO'jOse, cjclohe\ane-(I,3,5)- 
cis-pciitoI-2-one 



VIII I-epi-Iiiosose,cjcIohexane- 
(1,3,4, 5)cts-pentol-2-one 



IX rf-cpi-Inosose, cjcIohe\ane-(l ,2,3, ">) 
cts-pentol-4-one 



X C\clohe\aue-(l,5)ct« tetrol-3 4- 
dione 



I 


XI C\ clohe\ane-(l 3 )cik tetroI-4,5-dionc 


tatorj nionokelo compound (5) The studj of tlus dem ati\ e mcluded m 
the experimental part, ‘>en ed to establish its structure as either \ III or IX, 
that of cpi-mositol as II, md that of the inoso^^ obtained be the action of 
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nitric acid on 7?ieso-inositol (17) as the dl compound VIII + IX, but since 
analogous findings weio m the meantime picscnted independently by Pos- 
ternak (10), who proved the stiuctuie of tlie levoiolalory ketone to be 
VIII, a detailed discussion appeals supeifluous 
dl-epi-Inosose (VIII + IX), foimed by the action of nitiic acid on I, was 
found to consume 0 25 mole of oxygen per mole of substiate Inasmuch as 
^-epz-mosose (VIII), the end-product in the oxidation of cpi-inositol, is rc- 

Table I 

Maximal Oxygen Consumption 

The Warburg vessels in each experiment contained 0 5 cc of tlie suspension of 
resting Acclobacter suboxydans (about 5 ing of bacterial N) and 2 cc of 1/16 M phos- 
phate buffer of pH 6 0 in the main compartment, 0 5 cc of the substrate solution in 
the side arm, and 0 2 cc of 10 per cent KOII in the center veil The experiments 
V ere carried out at 38° in the presence of air 


Substrate 

Ojcygcn consumption, moles per mole 
substrate 

Duration of oiy 
gen uptake 


micromoles 


mtn 

meso-Inositol 

G 6 

0 47, 0 50 

10 


13 9 

0 50, 0 50 

15 


13 9* 

0 51, 0 47 

15 

f-Inositol 

6 6 

1 01, 1 03, 1 00 

20-25 

d-Inoaitol 

10 0 

1 00, 0 97, 0 99 

60 

Scyllitol 

5 8 

0 


epi-Inositol 

8 7 

0 51, 0 49 

10 

dl-epi-lnososQ 

6 8 

0 25 

15 


13 4 

0 27, 0 27 

15 


17 7 

0 25, 0 26 

20 

Quebrachitol 

12 5 

0 


Pinitol 

7 8 

0 


d-Quercitol 

7 0 

0 95, 0 97, 0 96, 1 01 

50t 


7 Ot 

0 50, 0 47 

35 


* In this experiment veronal buffer (pH 6 0) v as substituted 

t The first gm atom of oxygen was consumed vithin about 7 nunutes 

J This experiment was performed with only about 0 7 mg of bacterial N per vessel 


sistant to further oxidation, one may conclude that each mole of d-epi- 
inosose (IX) reacted with 0 5 mole of oxygen, giving rise to a diketo com- 
pound Attempts at the isolation of this deiivative have not yet been 
successful The second caibonyl group probably is not vicinal to the one 
present m IX, smee such a-diketones leadily give use to bisphenylhydia- 
zones, it more probably occupies position 2 of IX, by analogy to the oxida- 
tion of cpz-mositol The oxidation product was found to have acidic piop- 
erties, which is in agreement with the expected behavioi of an enohzed 
/3-diketone 
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The two optically active stereoisomere, l-inositol (IV) and d-inosiiol (V), 
each reacted with 2 gm atoms of o'^’’gen per mole of substrate From 5 to 
20 day-old culture fluids of Acetobacter suboxydans contaimng these sub- 
stances the oxidation products could be isolated by means of phenylhydra- 
zme, but only m the case of the I compound was the 3neld good Both 
products obtained m this manner from Z- and cZ-mositol respectively proved 
to be bisphenylhj^drazones of diketo mositols, they formed yellow needles 


Z 



Fig 1 Absorption spectrum (in absolute ethanol) of the o-bisphenjlhjdrazone 
of cjclohexanc-(l,5)cis-tetrol-3,4 dione (XII) obtained from 1-inositol 

With identical meltmg pomts, identical absorption spectra (Fig 1) charac- 
teristic for osazones (18), and optical rotations equal but opposite in sign 
Wlien equal amounts of the two substances vere permitted to crystalhze 
together, a new compound v ith a lower melting pomt, but an unchanged ab- 
sorption spectrum, was obtamed The tno bisphen3'Ih3drazones clearl3 
V ere enantiomorplis The consumption of penodic acid in 66 per cent al- 
cohol at room temperatvue corresponded to 3 moles of the oxidant per mole 
of bisphen3dh5"drazone (19) These findings serve to establish these com- 
pounds as o:-bisphen5 Ihydrazones The reaction products obtamed b3' the 
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action of peiiodic .icicl on (hcsc ‘'Uhsl'iinos aio ussod in nnothoi com- 
muniCcition (20) 

The exact coniiguiation^ of thca-hisphenylli^dia/onrs obl-amcd fiom tlio 
biological oxidation piodiuts of /- and d-inositol weie del ei mined by com- 
paiing then lacemic niixlmo ivith an a-bmplioin llivdia/ono of a diketo 
inositol obtained by Cailei (7 nl (21) by the action of phon\lhjdiazinc on 
the phenylliydiazone ol »/t.so-inosose (\ 11) ^ In tins compound the second 
phenylltyduuono gioiip must have been niliodined into positions 1 and 3 
1 espectively, leading to a laeemie mixline of XII and XI 11 

CciTXH— N Mic’ji N— vtirvir 



(xri) (XIII) 


Both lacemic mixtuie^ exhibited the same ab-50ii)tion sperlinm, identi- 
cal Avith the one shown in Fig 1, and identical melting point x Then mix- 
tine showed no dcpiession of the melting point Sliiictnio XII can, Ihcie- 
foie, be assigned to the dcxtioiotatoij compound obtained fiom /-ino->itol, 
structuic XIII to the leyoiotatoiy Mibstanco piodiiced fiom f/-mosilol 

Mnositol (n") has thus been shown to be oxidized b\ \<(tohacl(> siiboM/- 
(lans in positions 1 and 6 to yield the a-dikctone X, d-mositol (^'), attacked 
in the coiiesponding mnioi image positions 2 and 3, afloids the a-diketone 
XI This appeals to be the hist instance of the ijioduction by this micio- 
oiganism of a dicaibonyl compound fiom a poljdij^diic alcohol ’ 

Quehachtiol and piiiitol, the naturally oceuiimg nionometli 3 d etheis of 
/- and d-inositol i espectively, wcie not oxidized by Acelohactci The po- 
sition of the methoxjds in these compounds is not know n Scylhfol (III) 
likewise w'as not attacked 

d-Qucicilol (VI) consumed 2 gm atoms of ox 3 '^gen pei mole of substiate 
The 2nd gin atom ivas taken up at a much slowei late With a lower con- 
centration of bacteiia, the oxygen uptake teimmated wnth the consumption 
of the hist half mole, a phenomenon not obseived wnth the optically active 
inositols 

The taies of oiygen uplalc b 3 ’^ equal cjuantities of the vaiious substrates, 

“ We should hke to thank Di H E Cartel of t lie University of Illinois foi a speci- 
men of this compound and foi a personal communication concerning the mode of 
foimation of this osazonc 

■* Tlic pioduction by Acelobacler suboxi/daiis of a diketo derivative from ?«eso 
inositol has been reported by one group of workers (22-25) This product does not 
appeal to liave been observed in other laborat ones (14-16) nor is its formation com 
patiblo with the manometiic measurements presented previously (5, 14) and in tins 
papei 
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insufficient m concentration to give maximal oxidation rates, are presented 
m Table II When, as is done m Table II, these rates are related to the 
rate of oxygen consumption by Tneso-mositol at the same bactenal concen- 
tration, it will be seen that under the experimental conditions the vanous 
substrates were oxidized at widely differmg rates, d-mositol bemg the most 
slowly and eyu-mositol the most rapidly oxidized stereoisomer The slow 
oxidation of d-mositol may be responsible for the low yield of oxidation prod- 
uct obtained m the culture expenments ® 

Table II 

Comparison of Oxidation Rates 

The Warburg vessels in each expenment (earned out at 3S“) contained 0 5 cc of 
the suspension of resting bactena and 2 cc of 1/15 ii phosphate buffer of pH 6 0 in the 
main compartment, 0 5 cc of solution containing 7 micromoles of substrate in the 
side arm, and 0 2 cc of 10 per cent KOH in the center well 


Bacterial N 

Substrate | 

i 1 

I QOi (N) 

1 QOj CN) ('ubstratc) 

QO O') (mwo-inasilol) 

ms 

0 36 

1 

/?ie50-Ino3itoI 

1 

-370 



epi-Inositol 

-620 

1.7 

0 59 

nieso-Inositol 

-530 



ept-Inositol 

-8S0 

1 7 


d-cpt-Inosose* 

-2S0 

0 5 

0 72 

d-epi -Inosose* 1 

-230 

i 0 4t 


d-Quercitol I 

1 -240 

i 0 4t 

0 89 

d-epi-Inosose* 1 

i -330 

0 5t 

0 94 

meso-Inositol | 

; -740 

1 


i-Inositol 1 

1 -430 

0 6 


^ d-Inositol 1 

i i 

0 2 


* 14 0 micromoles of dl cpi inosose were used 
t The corresponding values for meso inositol were interpolated 


The maximal rates of oxidation of meso- and d-mositol are compared m 
Table III In these expenments the enzyme system nas saturated with 
lespect to substrate The maximal rates of ox5'gen uptake were found 
identical for both isomers and ab=o for their equimolar mixture (Table III 
Preparation 2) But the meso compound n as oxadized at the maxamal rate 
at a concentration at vhich the oxidation of d-mositol had not yet reached 
its maximum (Table III, Preparation 1) Some of the possible explanations 
of this difference in saturation lev els hav e been mentioned abov e If the 
influence of the eell v\ all on the speed of diffusion of the tw o isomers is dis- 

' A much hotter vicld of derivative XIII could be obtained in preparatorv experi- 
ments VI itli resting bacteria as n ill be described on a later occasion 
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regal ded, the results shown m Tabic III seem to indicate that the cquilib- 
iium conditions governing the combination between enzyme and substrate 
aie responsible foi the diffeicnccs 

The steiic specificity of the cnz 3 Tnc system icsiionsiblo for the oxidations 
that foim the subject of this paper can now' bo discussed succinctly It is, 
of course, evident that the stuictuial foimulac I to XIII of this senes of 
cyclohexane del ivatives do not dcsciibc the actual positions in space of the 
vaiious atoms, but merely repiesent planai projections based on the con- 
ventions intioduced into steieochemistiy by Emil Fischer (26) 


Tabi,l III 

Maximal Rata of Oxidation 

The Warburg vessels in each experiment (35°) contained 0 6 cc of the bacterial 
suspension and 2 cc of 1/15 m phosphate bulTcr of pll G 0 in the main compartment, 
0 5 cc of substrate solution in the side arm, and 0 2 cc of 10 per cent KOII m the 
center well 


Bacterial prepa 
ration No 

Bacterial N 

meso Inositol 

d Inositol 

0o,(N) 

COj (substrate) 

Oo (N) (mr" inosilo') 


ms 

micromoles 

micromoles 



1 

0 47 

28 2 






56 4 







28 2 


0 35 




56 4 


0 62 



28 2 

28 2 

-940 

0 85 

2 

0 15 

225 


-1700 




450 







225 


1 0 




450 


1 2 



225 

225 

-1680 

1 1 


Recent woik based on electron diffiaction studies (27) and spectroscopic 
(28) and theimodynamic (29) pioperties has led to the conclusion that at 
room tempeiature cyclohexane exists piedommantly m the chair configu- 
lation If the conceptions applied to cyclohexane and its mono- and 
dimethyl dei ivatives (29, 30) are extended to the inositols, it wull be seen 
that SIX of the substituents (hydroxyl oi hydiogen) surround the ring of 
caibon atoms in what has been called an equatoiial belt, the six others are 
perpendiculai to the plane formed by the carbon ring three above (north 
polar), three below' (south polar) Each carbon atom W'lll, therefore, carry 
1 polar and 1 equatorial substituent A tw'ist of the G carbon atoms 
thiough a single plane to the opposite chair form renders the equatorial 
substituents polar and vice versa (30) 
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Consequently, there amU exist tno geometrically tautomeric forms for 
each inositol isomer By analog 3 ’- to the methyl-substituted cyclohexanes 
(29) it may, hoi\ e\ er, be assumed that the tautomer possessmg the smaller 
number of polar hydroxyls 1X111 predommate The constellations of com- 
pounds I to XI, based on the postulates outhned here, are compared m 
Table IV 

The inspection of atomic models of the mositols shoi\ s the position of the 
hydroxyl groups to be x’’ery unfavorable to the formation of cychc com- 
pounds, such as benzj hdene or isoprop 3 ^hdene denvatives This is m Ime 


Table R'’ 

Spatial Configurations of Inositol Isomers and Related Substances 



Compound 

1 Position of droz> Is on carbon atoms 

Position of 

hydros Is 
omdizcd b> 
Actiob^er 
svbaxydans 

projection 

Equatorial 

Jvorth 

polar 

South 

polar 

I 

meso -Inositol 

1, 3, 4, 5, 6 

2 

— ! 

2 

II 

ept-Inositol 

1, 3, 5, 6 

2,4 

— 

2 

III 

Scyllitol 

1,2, 3, 4, 5.6 

— 

— 

— 

IV 

Z-Ino 3 itol 

2, 3, 4, 5 

1 

6 

1,6 

V 

d-Inositol 

1, 4, 5, 6 

2 

3 

2,3 

VI 

d-Quercitol 

1,5,6 

2 

3 


VII 

meao-Inososc 

1, 3. 4, 5, 6 

— 


— 

VIII 

i-epi-Inososc 

1, 3, 5, 6 

4 


_ 

IX 

d-epi-Inosose 

1, 3, 5, 6 

2 


t 

X 

Cjclobexane - (l,5)cts - 
tetrol-3,4 dione 

1, 2, 5, 6 


■ 

— 

XI 

C 3 clohexane - (l,3)cjs - 
tetrol-4,5-dionc 

1 , 2 , 3 , 6 


■ 

" 


* 2 gm atoms of o\j gen taken up per mole of substrate 
1 1 gm atom of oxygen taken up per mole of substrate 


xvith the great diflSculty isith which the condensation of meso-mositol wnth 
acetone is brought about (8) 

Recent work on the configuration and the biological actmtj of the 
hexachlorocyclohexanes also provides mterestmg analogies to the mositols 
Among the structures, assigned b\' Slade (31) to the different isomers, y- 
hexachlorocj clohexane corresponds to configuration I m Table R', the a 
isomer to a racemic mixture of and V, and the /3 compound to III The 
biological antagomsm of y-hexachlorocj clohexane to T/icso-mositol as a 
groivth factor for j^east (32) also is suggestive of a spatial similantj between 
these compoimds Moreoi er, the melting points of the tiro senes of ci clo- 
hcxane denvatives sliow a parallel trend mcso-Inositol, df-inositol, and 
scylhtol melt at 218®, 253°, and 345° respcctiielj', the rcspectne meltmg 
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points of the y, a, and isonieis of he\achloiocyclohc\anc me at 112°, 158°, 
and 309° 

The specific steiic lequiiemenls foi oxidation can, on the basis of the 
stiuctiues assigned to the inositols (Table IV), be expiessed as follows 
Only polai hychoxyl ytonps me oxidized In the case of e/iz-inositol (II), 
ivheie tivo hydioxyls aic situated in the same jiolar plane, onh one is 
attacked b3'’the enzyme to jueld /-c;«-mososc (VIII) The enantiomoipli 
d-epe-inosose (IX), howevei, is fuithci oxidizi'd Vdditional woik will be 
necessaij’' to show wdiethei the lelalive position of the polai hj'’dro\jds w itli 
lespect to the hj'diogen atom in the same polai plane is of impoilaneefor tlic 
extent of oxidation 

The stud}'^ of the oxidation of aliphatic ])ol3di5’-diic alcohols by Acclobado 
has led to the conclusion that onb*^ those h3'diox3d gioups aie attacked that 
are situated betw^een a piimaiy h3'-diox3d and a sccondaiy one in cis position 
(3, 4) Of the enantiomoiphs, the isomei po‘>scssmg the n configuiation 
w^ith lespect to the secondai3'^ cis h3'dioxyls is oxidized nioic readily (4) A 
similai lelationship appeals to apph*- to c3'chc enantiomoiphs of the inositol 
senes In Z-mositol, which is much moie lajndb’^ oxidized tlinn the 
disomei, the h3^dioxyl gioups that me oxidized and the neighboring 01=: 
hydroxyl gioups have the d configuiation 

The findings lepoited heie peimil the infeicnce that, m the aliphatic 
polyhydioxy compomids attacked by the Aceiohacte) -o\\d^^^Q system, the 
position in space of a secondaiy lydiox3d giouji betw'een ,i piimaiy alcohol 
gioup and anothei secondaiy cis l^^dioxyl coiiesponds to the position of a 
polar hydioxyl gioup between tw’o equatoiial ones in the inositol molecule 

It should be pomted out that the studies on the enzymatic oxidation of 
inositol isomeis, wluch aie being continued, ma3'^ piove of moie general 
biological interest in seveial lespects The gieat impoitancc of meso- 
inositol as a grow^th factoi foi ceitam miciooiganisms ((33) p 207), the 
discovery of a deficient mutant of Neinospoia ciassa lequinng inositol (34), 
and the dietary significance of this compound in animal nutrition (35) all 
lequire a better msight into the W'a3'^s m wdnch ?«cso-inositol and its isomers 
aie dealt with by living cells Moi cover, one of the constituents of strep- 
tom3’-cin has been shown to be a l,3-diguanido-2,4,5,6-tetiah3’-dioxycyclo- 
hexane (36, 37) In view of wdiat has been said above about the oxidation 
of d-ep^-lnosose (IX) by Acetohaclei, it is possible that additional wmik will 
lead to the preparation of 1,3-substituted mositol derivatives of biological 
interest 


EXPERIMENTAL 

Material 

Acetohader suboxydans was obtained from the American Type Cultuie 
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Collection (No 621) The culture methods employed ■mil be discussed 
below 

d-Quercitol and meso-inositol were purified commercial preparations 

A crude preparation of ptmfol was obtamed through the courtesy of 
Professor R C Elderfield of this University It -n as purified by repeated 
decolonzation of its aqueous solution ■with charcoal (Darco G-60) and 
crj’-stalhzation from 75 per cent ethanol The pure pimtol, meltmg® at 
185-186°, [a]|® = +66 4°, yielded, on treatment with hjdnodic acid (38), 
d-inositol (86 per cent of the theoretical yield, crystalhzed from 72 per cent 
ethanol) which had a meltmg pomt of 249-250° and [a]^ = +65 0° (in 
water) 

The crude quebrachitol, obtamed some years ago from the Bntish Rubber 
Research Association, London, i\ as freed of traces of sulfate by treatment 
with banum hydro^ade and crj’’stalhzed by the addition of 1 8 parts of hot 
acetone to the hot aqueous solution The pure monomethyl ether melted 
at 195° It yielded, when treated with hydnodic acid, l-inosiiol (83 per 
cent of the theory, crystallized from 70 per cent ethanol) which melted at 
249-250° and had [«]“ = -63 8° (m water) 

SydlitoV was prepared from meso-mositol by the method of Postemak 
(15), mp 345° (with decomposition), its hexaacetyl denvative melted at 
296-297° dl-epi-Inosose, m p 221° (with decomposition), was prepared bj 
the action of mtnc acid on meso-mositol (17) ept-Inostiol, m p 285° (with 
decomposition), was obtamed by the catalytic hydrogenation of dl-epi- 
mosose (17) 

Oxidahon of Inositol Stereoisomers and Related Substances by 
Acelobacter suhoxydans 

Cultivation of Bacteria — The cells w'ere gro^wn at 30° m a medium contain- 
ing 50 gm of D-sorbitol and 10 gm of j^east e^rtract (Difco) m 1 hter of tap 
water UTien larger quantities of restmg organisms were requued, the 
cultivation w as earned out in Roux bottles containmg 150 cc of the hquid 
medium and 4 5 gm of agai A 3 cc portion of a 3 da 3 ’-oId hquid culture 
sen ed as the moculum for each Roux bottle After 70 hours the cells w ere 
collected in pin siological saline, centrifuged m the cold at 4000 r p ii , and 
w ashed tluee tunes w ith ice-cold salme Thej w ere then agam suspended 
m phj siological saline In all e^qienments bactena collected the same daa 
weie mod 

* The mclling points, reported without correction, were determined with an elec 
tricnlli heated stage (Fisher-Johns) Unless noted othenvase, the intact cnstal-^ 
were placed on the stage preheated to about 5-7° below the melting point 

’ The melting points of sci llitol and bevaacct-il scallitol ivcre determined in capil 
lanes 
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Maximal Oxygen Consumplion — When 0 5 cc of a bacterial suspension in 
physiological saline containing about 5 mg of bactenal nitrogen nas pei- 
mitted to act on 5 to 18 niiciomoles of the vaiious substrates in a total 
volume of 3 cc , vei}’" lapid o\idatiou took place Tlie reaction was con- 
sideied as terminated when the amount of ovygen consumed m a 5 minute 
interval ivas no gi eater than that taken up m the same period b}' the lesting 
bacteria alone (^ e about 2 mici ohters) Table I summarizes the results 

Com'panson of Oxidation Rates — The lates at which the several substrates 
were dehydrogenated were compaicd in a scries of experiments in each of 
winch 7 miciomoles of substrate and small amounts of resting bactena 
(0 36 to 0 94 mg of bacteual nitiogen) \\ eie employed These experiments 
are presented in Table II For the calculation of the Qo, (N), the tune 
interval for which the oxygen uptake was hneai was used 

Maximal Rates of Oxidation — In the preceding expciimcnts the enzyme 
system was not saturated ivith lespect to substrate The saturation levels 
for meso- and d-mositol iveie compared m another experiment reproduced in 
Table III 

Formation of Compound X from l-hiositol 

Preparation — Acelohactei snhoxydans was giown foi 3 days at 30° m a 
medium consisting of 0 2 gm of n-soibitol, 0 2 gm of yeast extract (Difco), 
and 0 5 gm of Z-inositol in 10 cc of tap w ater The culture was then trans- 
feired under steiile conditions to a 2 5 htei Fcrnbach flask contammg a 
sterilized solution of 4 5 gm of f-mositol in 90 cc of tap wmter Follow'mg 
incubation for 5 days at 30° the bactena wmre lemoved by filtiation through 
infusonal earth and a solution of 10 cc of freshly distilled phenylhydrazme 
in 20 cc of 50 pei cent acetic acid wms added to the filtrate Crj^stals soon 
made their appearance at room tempeiature and transformed the mLxdure 
Avhich was cooled overnight to a semisohd paste The crj'-stals which at this 
stage were contaminated wnth a red oil ivere filtered off, washed with ice-cold 
water, and spread on a poious plate To their filtered solution m 75 cc of 
hot pyridme, 200 cc of hot wmter w^eie added slowdy The dulled mixtuie 
deposited 4 2 gm of reddish yellow'- ciystals (42 pei cent of the theoietical 
yield) which weie recrystalhzed from a 1 1 6 mixture of wmtei and methyl 
cellosolve (ethylene glycol monomethyl ethei), followmg the treatment of 
the methyl cellosolve solution wntli 5 gm of activated chaicoal (Daico 
G-60) The crystals (2 9 gm ) w^eie lecrystallized once more from 3 parts 
of methyl cellosolve and 2 parts of water w’-hen 2 6 gm of the a-bisphenylhij- 
di ozone of cyclohexane-(l ,5)cis-tetrol-S ,4-dione (XII) were obtamed as long 
yellow needles with a gieenish sheen melting (with decomposition) at 217° 
The optical rotation in 1 1 ethanol-pyndme (c = 0 793, Z = 0 5 dm , qtd = 
+0 95°) was found as [q:]d® = +240° (initial), after 24 hours (ao = +0 85°) 
it was [aln* = +214° 
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CjjHajOiNi (356 4) Calculated C 60 7, H 5 7, N 15 7 

Found “ 60 8, “ 5 8, “ (Dumas) 15 4 

The absorption spectrum of this phenylosazone (0 0273 mM solution in 
absolute ethanol) is reproduced in Fig 1 

The substance was extremely refractoiy to attempts at sphttmg or con- 
version Efforts to prepare the free diketone by the treatment of the 
osazone with pyruvic acid (39) led to no result, nor was it possible to obtam 
the correspondmg osotnazole (40) 

Action of Periodic Acid on Compound XII — ^The HIO 4 consumption was 
determmed by treatmg 20 cc portions (each contammg 36 5 micromoles of 
the osazone m 60 per cent ethyl alcohol) with 325 micromoles of penodic 
acid m 0 5 cc of water at room temperature for 1 hour (19) The excess 
penodic acid was determmed with 0 1 x sodium arsemte m the usual 
manner The average consumption (per mole of compound) of penodic 
acid was 3 05 moles 

Formation of Compound XI from d-Inosttol 

10 cc of a 3 day-old culture of Acetobacier suboxydans contaimng 2 per 
cent D-sorbitol, 2 per cent yeast extract (Difco), and 5 per cent d-mositol 
ivere added to a sterile solution of 9 5 gm of d-mositol in 140 cc of 
tap ivater After mcubation at 30® for 14 days the mixture, which showed 
heavy growth, was filtered through mfusonal earth The red cr 3 ’’stals, 
appeanng soon after the addition to the filtrate of 25 cc of phenylhjdrazme 
m 50 cc of 50 per cent acetic acid, were washed with ethyl alcohol and 
dned ® The recrystalhzation of this matenal (4 7 gm ) from a mixture of 
2 parts of water and 3 parts of methjl cellosolve yielded 260 mg of the 
oc-bisphenylhydrazone of cydohcxane-(l ,8)cis-tetrol-4 , 5-dione (XIII) The 
long yellow needles, after one additional recrystalhzation from aqueous 
methyl cellosolve melted (w ith decomposition) at 217° The optical rota- 
tion in 1 1 ethanol-pyndme (c = 0 567, 1 = 05 dm , = —0 71°) was 

found as [»]“ = —250°, at equihbnum (after 24 hours) was —0 64°, 
therefore [a]o = —222° 

CisHsjOiN, (356 4) Calculated C 60 7, H 5 7, N 15 7 

Found “ 61 0, “ 5 7, " (Dumas) 15 3 

The absorption spectrum of the levorotatory bisphenylhydrazone corre- 

' The crude crystals were found to contain, in addition to the osazone, a phenyl- 
hydrazone of a monoketo deruatiic of d inositol which could be separated by nrtuc 
of its complete insolubility in hot absolute ethanol Se\ oral rccry stallizations from 
aqueous pyridine y lelded colorless plates which melted (with decomposition) at 197- 
199“ Calculated for Ci Hi.OA'* (26S 3), C 53 7, H 6 0, X 10 4, found, C 53 3, H 5 7, 
NlOO 
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bponded completely with that exlubilod by the doxtioiotatoiy douvative 
(Fig 1) obtained fiom ?-inobitol 

This substance, when examined as desenbod bofoie m this papoi, i\as 
<ound to consume 2 9 moles of peiiodic acid 

Racemic Ino’^azonc 

A mixture of equal amounts of the d- and /-inosa/oncs, described m the 
piecedmg sections, was leciystalhzcd fiom 2 3 ivatci -methyl ccllosolvc 
The yellow crystals of the racemic mixtuic melted (\Mth decomposition) at 
205° when placed on the stage at 200° 

The properties of these lacemic crystals wcic compared \Mth those of the 
phenylosazone obtamed by the action of phenjlhydiazmc on the phenyl- 
hydrazone of 7?ieso-mosose (21) This compound, icciystalhzcd from 2 3 
water-methyl cellosolvc, likewise exhibited a melting point (nith decompo 
sition) of 205° (stage pieheated to 200°) IBoth substances gave the same 
absorption spectrum, which was identical with the one leproduced in Fig 1 
For the determination of mixed melting points, the effect of crushing on 
the melting points of the vaiious substances had to be studied The finelj’ 
powdered prepaiations weie found to decompose, without tuily melting, at 
temperatures somewhat lower than the melting points of the crystals them- 
selves The powdeis of the dextioiotatoiy (XII) and le\ orotatoiy (XIII) 
osazones both had decomposition points of 210°, their mechanical mixture 
decomposed at 203-206° The finely powdered i acemic mixture obtained by 
]omt crystallization of the two osazones decomposed at 199°, the osazone 
described by Cartel et al (21) at 198-199° No depression of the decompo- 
sition point was observed with a mixture of the tivo racemic osazones 

Formation of l-epi-Inosose (VIII) fiom ejn-Inositol {II) 

5 cc of a 3 day-old culture of Acetohacler suboxydans in the soibitol-yeast 
extract medium were added to a steiile solution of 5 gm of cpz-inositol, 
0 85 gm of yeast extract (Difco), and 0 17 gm of n-soibitol in 170 cc of tap 
water The mixture was meubated in a large Feinbach flask at 30° for 7 
days The culture fluid, which showed heavy growth, was filtered through 
^ infusorial earth and the filtrate concentrated to dryness in vacuo The 
solution of the residue in 10 cc of watei deposited 3 0 gm of ciystallme 
matenal on the addition of 90 cc of ethanol The cnide pioduct was dis- 
solved m 15 cc of water and converted to the phenylhydiazone by the 
addition of 3 cc of phenylhydrazine m 6 cc of 50 per cent acetic acid 
The phenylliydrazone was washed with water and ethyl alcohol (weight 
3 17 gm , decomposition pomt 197°) and decomposed m the customary 
manner by refluxing its suspension m 65 cc of water with 4 8 cc of freshly 
distilled benzaldehyde and a small amount of benzoic acid for 20 minutes 
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The filtrate from the chilled reaction mixture was extracted with ether and 
evaporated to dt^mess in vacuo To the solution of the residue m 25 cc of 
hot water 100 cc of hot ethanol ii ere added The rmxture, foUowmg filtra- 
tion while hot, deposited, on being chilled, 524 mg of l-epi-inosose (\TII) , 
white needles meltmg (with decomposition) at 194-196° Another prepa- 
ration of this ketone, obtained m a similar manner, melted (with decompo- 
sition) at 198° The substance was levorotatorj’- m w ater (c = 2 54, 1 = 2 
dm,a„ = — 0 26° ± 0 02°), [aJo = —5 1° ±0 4° It show ed no muta- 
rotation Its solution reduced Benedict’s solution m the cold 

CtHioOj (178 1) Calculated, C 40 5, H 5 7, found, C 40 4, H 5 7 

For reduction, 50 mg of Z-epi-mosose m 6 cc of water w ere shaken with 
four 300 mg portions of 2 5 per cent sodium amalgam The reaction mix- 
ture was kept acid by the addition of four portions of 0 37 cc of n acetic 
acid The dry evaporation residue of the supernatant w as heated under a 
reflux with 2 cc of acetic anhydnde for 20 mmutes The excess reagent 
w as decomposed with 5 volumes of water The chilled mixture deposited 
77 mg of crystalhne matenal which was extracted with 0 8 cc of boilmg 
ethanol The msoluble residue was recrj^staUized from 6 cc of absolute 
ethanol, when 22 mg of hexaacetyl meso-inositol were obtained, meltmg at 
216-217° Admixture of an authentic specimen of this hexaacetate 
produced no depression of the meltmg pomt 

The authors are indebted to Mr W Saschek for the microanalyses 

SOiULXRY 

The mechanisms of oxidation by Acetobacter suboxydans of several isomers 
of the inositol group and related cychtols have been studied The extent 
and rate of oxj gen uptake by the different substrates have been determmed 
and the oxidation products or their denvatnes isolated and identified 
epi-Inositol has been shown to joeld a monoketone, Z-epi-inosose, I- and 
d-inositol gave rise to a-diketones w'hose configurations ha\e been ascer- 
tained Scyllitol and the monomethyl ethers quebrachitol and pimtol w ere 
not attacked On the basis of these results and m the light of recent work 
on the stereochemistry of C3clohe\ane, the mmimum stenc requirements 
for the oxidation of mositol isomers bj"- Autobaclcr suboxydans can be de- 
scnbed in the statement that only those hijdroxyl groups are oxidized that arc 
situated in a polar plane 
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The difference between the concentration of glucose m arterial and venous 
blood (A-V, arteriovenous difference) is largely a reflection of the rate of 
glucose assimilation in the evtrahepatic tissues, mainly m the muscles, anj' 
change m the A-V should, therefore, supply valuable information regardmg 
the effects of various factors which influence glucose assimilation Yet the 
yield of mvestigations m this field is rather meager and often confusmg 
As a matter of fact, the only well demonstrated facts are first, that m lack 
of insulin (m the depancreatized animal) the A-V is extremely small and, 
second, that mjection of insulin produce an mcrease m the A-V Another 
known fact, namely the mcrease of A-V m the normal organism dunng 
alimentary hyperglycemia, is attnbuted to an mcreased msuhn supply from 
the islands of Langerhans 

These facts imply that the magnitude of the A-V is more or less pro- 
portional to the msuhn supply Accordmg to the current concept of 
human diabetes, then, the A-V should be mvariably lov er in diabetic than 
m normal persons Chmcal studies, however, show that after glucose feed- 
mg most diabetics exhibit A-V values as great as, and often greater than, 
the average normal person does Unexpected and challengmg as these 
findmgs are, they failed to ehcit any satisfactory explanation 

Even more puzzhng are repeated reports of the occurrence of negatn e 
A-V values m the postabsorptive state, as well as dunng alimentary hj^per- 
glycemia, m healthy and m diabetic persons Acceptance of such findings 
is tantamoimt to the assumption that muscle cells are capable of secreting 
glucose mto the blood stream This disregards the well established fact 
that muscle cells cannot jneld free glucose for the simple reason that thej' 
do not contam any This is so, first, because muscle cells are impermeable 
to free glucose that is transported m the extracellular flmds, and, second, 
because they possess no enzyme sj'stem capable of hberatmg glucose from 
the mtracellular carbohydrates (glycogen, phospliate esters) Thus nega- 
tive A-V values can ongmate but from one of tv o sources Either there are 
certain conditions under which muscle cells secrete mto the blood some 

* This yyork was aided bj the Dayjd Maj -Florence G May Fund 
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1 educing matlei othei than glucose, or else Ihc nnalyiioal techniques em- 
ployed aie unsalisfactoi 3 ' 

The potential value of mfoimation that might bo dciued fiom accurate 
A-V deteimmations pioinpted a senes of studies in oin laboiatoiy But 
befoie embaikmg on this voik, ve subjeited the analjtical piocedure 
involved to close sciutmj' until, aftoi ohminatnig scicial sources of erior 
oui technique became accuiato v ithin 1 mg of glucose ]ioi 100 cc of blood 
By this method nc found only jiositne A-V Aalucs nilhout a single excep- 
tion We found, fuitheimorc, ccitain loAcahng patterns m the changes of 
the A-V 111 lesponse to the influence of hjjiciglvccmia, of insulin action, and 
of othei factois Those changes elude ob^cuation without the maximum 
accuracj'^ of analjdical technique that is nov attainable In the present 
papei ve desciibe the effect of alimcntaiy hj pciglycemia on A-V m healthj 
persons But befoie x\c present our findings, the analj'tical procedure 
involved will be discussed in some detail This wo deem ncccs'^ary, for, 
without appieciation of the decisive impoitance of these details, the con- 
tradictions between our results and those of manv earlier w orkers could not 
be properly evaluated 


Analylical Procedure 

Foi glucose deteimmations wo used the copper-iodometiic tcclinique 
described in 1945 (1) Zinc sulfate and barium hj'droxide served for the 
deprotemization of blood in 1 10 dilution The venous blood w as collected 
in test-tubes containing unifoim mixtures of potn'^sium oxalate and sodium 
fluoride as anticoagulant A solution containing 5 per cent of potassium 
oxalate and 2 5 per cent of sodium fluoride wms kept on hand and 0 4 cc 
portions of it weie pipetted into test-tubes The wxater was evapoiated 
and the residue dried at 100-105° The fluoiide wms included foi the inhi- 
bition of gl 3 ’’col 3 ’’sis This precaution may seem superfluous, consideimg 
the fact that the normal rate of glycolysis amoimts to onl 3 ’’ 10 to 14 mg per 
cent pel hour in oxalated blood, and onty a few minul es elapse befoi e the 
fleshly drawn blood is deproteinized We found, however, that even a few' 
minutes suffice for a measurable decrease of the glucose content of oxalated 
blood The rate of gbmob^sis under the given conditions is far fiom uni- 
form, a high initial rate occuiimg in many instances The phenomenon is 
lathei unpredictable, as theie aie cases in which gl 3 mol 3 mis is not detectable 
after 5 and even 10 minutes, wdieieas in others it may amount to as much 
as 5 mg pel cent in a few mmutes Fluoride obviates this source of error 

The arterial glycemic level was determined m capillary blood This sub- 
stitution w'as found to be satisfactory by Foster (2) and several other inves- 
tigators We used 1 cc portions of capillary blood foi each sugai 
determination, deproteinized m 1 10 dilution, as in the analysis of venous 
blood The blood was drawn from a finger-tip and collected in 50 cc 
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beakers containing tlie anticoagulant used for venous blood (About 0 2 
cc of oxalate-fluoride solution vas spread o\er the bottom of the beaker- 
and the v ater v, as expelled by drymg at 100-105° ) Collection of finger 
blood, enough for ti\o glucose determinations m 1 cc portions of blood, 
presents no difficulty if the hand is wanned by immersion m water of 45-50° 
for about 5 mmutes before a finger is pncked with a Hagedom needle That 
exposure of the hand to cold or v arm baths does not affect the blood sugai 
was ascertamed m our experiments as veU as m studies of other worker' 
(3) In the lodometnc titrations the discrepancies m duphcate deter- 
minations seldom exceeded 0 02 cc of 0 005 x thiosulfate, which m oui 
method corresponds to 0 54 mg per cent of blood sugar, rarely did titration 
differences between duphcates reach 0 04 or 0 05 cc , which correspond to 
discrepancies of 1 0 to 1 4 mg per cent m blood sugar values Thus the 
differences between the mean and the mdividual values did not exceed 0 5 
to 0 7 mg per cent This fact is emphasized as the basis of our statement 
that the blood sugar values m our expenments are accurate withm 1 mg 
per cent Smce the determinations mvolve two sugar determmations, 
they are susceptible to two anal 5 i;ical errors While these errors may cancel 
each other, they also may be additive In the latter case the cumulative 
error m the A-V value may amount to as much as 1 0 to 1 5 mg per cent 
We feel justified, therefore, in acceptmg, rather conservatively, changes m 
A-Y which are greater than 2 mg per cent to represent actual changes 

It IS obvious that such a degree of accuracy is not attainable with micro- 
methods in w hich filtrates correspondmg to less than 0 5 cc of blood are 
used Provided that the percentage error m the measurement of 0 1 cc 
of blood IS not greater than in the measurement of 1 0 cc of blood, the dilu- 
tion factor alone suffices to lumt the accuracy of the results of micrometh- 
ods In our method, for example, the dilution factor mcreases possible 
errors to 5-fold of the figures stated aboi e if the filtrate of 0 1 cc (instead 
of 0 5 cc ) of blood is anal5'zed In consequence, when a micromethod is 
employed and changes m A-Y values are not greater than 8 to 10 mg per 
cent, they cannot sen e as a basis for a ahd conclusions 

The error mtroduced bj the dilution factor is inseparable from am 
micromethod, ei en in the hands of competent analj sts In the Hagedom- 
Jcnsen method, for instance, a titration difference of 0 02 cc corresponds 
to 3 6 mg per cent of blood sugar But this is true only if the method is 
used with appropriate modifications, for m its onginal form, which ivas 
w idelj employed m A-V studies, it opens the door to gross and a anable 
errors, as was demonstrated bj Fohn and Malmros (4) and Ija Sterner and 
Ixramer (5) In a word, micromethods cannot be used for studies con- 
cerned wnth A-V, eA en if the methods are adequate and are emploA ed bj 
competent analysts 

A few additional remarks may be m place concerning the substitution of 
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capillary foi aileiial blood bUgai As slated bcfoic, \\c accepted this sub 
stitution on the basis of the unanimous ojiinion of inovious workers Yet 
foi oui oun satisfaction it \\as dcsnablc lo evaminc again Ihc older findings 
with the analytical technique just desciibed To this end no compared 
the glucose content of blood samples simultaneously drau n from the fomoial 
artery and the fingei-tip of a few hospilah/cd poisons, performing duplicate 
analyses on 1 cc portions of both ai tei lal and cajnllary blood Each sub- 
ject was fed 50 gm of glucose befoie bleeding in order to produce substan- 
tial diffeiences between the arteiial and venous glycemic levels This was 
done to facilitate the detection of any jiossiblo donation of the capillary 
blood sugar fiom the aiteiial towards the \onous blood 
We carried out such analyses only on three poisons, because the agree- 
ment between the glycemic level m peiipheral arterial and m capillary 


TabiiE I 

ShoiDing Identity of Glucose Concentrations in Peripheral Arterial and Capillary 

Blood 


Subject 

Femoral ar(cr> blood 

ringer tip blood j 

1 

Time after InEcslion 
of SO mg glucose 


nts percent 

mt per cent 1 

mffi 

R B ,38yrs 

1 

1 

Lost 
359 1 

j 

359 4 1 
359 6 1 

I 359 5 

35 

T H ,56 “ “ 

135 0 1 
134 7 1 

i 134 8 

135 0 1 
135 0 1 

^ 135 0 

52 

W C ,18 “ 

92 3 1 
91 8 J 

[ 92 0 

92 6 1 
91 8 j 

[ 92 2 

65 


blood Avas so strilungly complete that it appeared superfluous to expand 
these experiments further The identity of the glucose concentration in 
the femoral arterial blood and in the capillary blood is veil demonstrated 
by the analytical data m Table I (These figures also illustrate the degree 
of accuracy attamable in glucose determinations ) It may be noted that 
discrepancies m all three cases aie less than 1 mg per cent Y'et, in 
the other experiments reported in this papoi we have not recoided fractions 
of a mg , the glucose values, we felt, piesent the facts adequately enough 
Avith the decimal fractions rounded out to the nearest whole number 
Although we invariably analyzed capillaiy instead of arterial blood, we 
have denoted the capillary glucose values as aiterial blood sugar and speak 
of arteriovenous lathei than of capillary-venous differences This seeming 
maccuracy of teimmology should be tolerated for the followmg reasons 
In the fiist place, this has been the general usage m all publications, mclud- 
mg articles m this Journal, during the past 25 yeais, and we did not feel 
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justified m introducing a departure from this usage without compelhng 
reasons Secondly, there is no reason for the departure, smce the actual 
identity of artenal and capillary blood sugar values precludes any misunder- 
standmg or confusion 

A-V Difference in Poslabsorphve State 

As a basis for further observations it is well to record here the A-V we 
found m healthy mdividuals m the postabsorptive state (10 to 14 hours after 
the last meal) In Table II are presented our last 100 mdividual cases, 
grouped according to mcreasmg values It may be noted that the A-V 
is positive m every instance, t e , the artenal blood sugar is always higher 
than the venous This is m hne with the well recogmzed fact that muscle 

Table II 

Arteriovenous Differences in 100 Healthy Individuals in Poslabsorphve {Fasting) Stale 


The values represent mg per 100 cc of blood 


No of cases 

AV 

1 

Postabsorptive glucose in 
art^al blood 

9 

1 

82-96 

11 

2 

79-97 

12 

3 

84-92 

21 

4 

78-93 

17 

5 

79-96 

13 

6 

87-95 

10 

7 

86-96 

1 

8 

90 

3 

9 

85-92 

3 

10-13 

88-94 


cells contmually assimilate blood sugar, and hence the concentration of 
glucose mevitably decreases dunng the passage of blood through the tissues 
But the A-V values are rather small, only from 1 to 7 mg per cent m 93 of 
100 cases Thus negative A-V values can easily result from relatively 
shght analytical errors (see the precedmg section) 

The magnitude of the A-V is not an mdmdual charactenstic, it may varj 
withm the normal limits from day to daj' m any healthy person Nor is it 
related, as it may be noted m Table II, to the postabsorptive glj cemic le\ el 

Effect of Alimentary Hyperglycemia 

Hyperglycemia produced either by oral or by parenteral admimst ration 
of glucose always entails a substantial mcrease m the A-V, a manifestation 
of an increased rate of glucose assimilation m the muscle tissues This 
change is generally attnbuted to increased insuhn action, due to the aug- 
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mented secietoiy aciivd}^ of llic islands of Lanfi;orhaTis under Ihc stimulating 
effect of hypciglycemia The A-V values uic without csccjition positive 
The large negative values often encountcicd in the hleiatuie (G-8j aie 
undoubtedly the lesults of analytical ciiois 

In Table III aie piescnted some of the lesults ai cumulated in oui labora- 
toiy duiing the last 2 ycais 'I'liey aie examjiles of obsenations on foity- 
four healthy individuals, in whom the ch.inges in the sugar lc\ el in both the 
aiterial and venous blood w’cic followed foi a pciiod of 1 hours after the 


Tadli III 

Effect of Alimentary Hyperglycemia on Xrttnovenous Difference 
The values represent nig per 100 cc of blood 


Serial 






of glucose 





of glucose 



No of 

Sex. nec 













subject 




0 

0 5 

I 

2 

3 

4 

0 

05 









hr 

hr 

hr 

Iits 

hrs 

hrs 

hr 

hr 





21 

F, 

25 3 

T6 

94 

133 

118 

103 

99 

99 

7 

37 

35 

28 

23 

23 

23 

it 

23 

<( 

96 

146 

95 

118 

108 

99 

7 

37 

24 

29 

34 

17 

3 

n 

24 

(( 

88 

148 

115 

108 

94 

68 

4 


25 

28 

13 

5 

22 

(( 

22 


92 

149 

122 

116 

122 


4 

43 

jgl 

31 

21 

25 

32 

M, 

33 


88 

134 

149 

116 

106 

77 

1 

20 

20 

m 

13 

2 

2 

(< 

27 

44 

S3 

154 

148 

107 


73 

2 

28 

49 

33 

16 

3 

27 

F, 

30 

44 

97 

155 

138 

151 

126 

73 

2 

35 

33 

29 

35 

6 

17 

M, 

41 

44 

88 

163 

142 

122 


73 

4 

22 

23 

29 

16 

2 

19 

(4 

29 

4 4 

84 

169 

153 

165 

142 


3 

22 

30 

23 

20 

6 

18 

F, 

40 

44 

90 

170 

126 

120 


92 

1 


18 

20 

10 

12 

38 

M, 

32 

44 

91 

170 

142 

123 

64 


9 

52 

48 

31 

3 

1 

15 

<< 

38 

it 

94 

173 

169 

100 

68 

79 

6 

23 

48 

30 

IS 

2 

7 

F, 

38 

44 

85 

160 

176 

146 

128 

115 

■1 

37 

55 

34 


22 


M, 

49 

4 4 

94 

181 

143 

105 

83 

57 

la 

48 

33 


6 

4 



28 

44 

88 

185 

141 

111 

72 

69 

13 

53 

38 


9 

7 


F, 

40 

it 




145 

144 

62 

4 

27 

50 


13 

1 


oral admmistration of 100 gm of glucose under standardized conditions 
Cases m which the hypeiglycemic peak rose above 150 mg per cent in the 
venous, or above 190 mg per cent m the arteiial blood, w'ere excluded from 
the normal series, smee these higher peaks weie legarded as signs of abnoi- 
mally dimmished glucose tolerance We also luled out those m w'hich the 
blood sugai continued to use during the 2nd hour after the ingestion of 
glucose 

To save space, the values for venous blood sugai weie not mcluded in 
Table III, since they can be readily obtained by deductmg the A-V values 
from those for the aitenal blood sugar For the same reason, only about 
one-third of the cases is presented, this gives a satisfactory picture of our 
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findings The experiments are arranged accordmg to mcreasmg peaks m 
the hyperglj'cemia for reasons -which -will be clear presently 
A glance at Table III discloses great indi-vadual variations, a fact that is 
by no means surpnsmg The only pronounced uniformity, with only 
occasional discrepancies, consists of the prompt and steep mcrease m the 
A-V as soon as the blood sugar begms to nse, and a somewhat less consistent 
dechne of the A-V as the hiTieigtycemia subsides As a rule, a maximum 
A-V ^ alue is attamed i^uthm 0 5 to 1 hour after the mgestion of the glucose 



Fig 1 Composite glucose-litne curves (tolerance curies) in arterial and lenous 
blood of fortj-four healthj persons during 4 hours after the ingestion of 100 gm of 
glucose 

But from this pomt on mdn idual variations m the relation between the 
glycemic let el and the A-V are etndent, -n ith one notable exception That 
is, the V-V remains consistently liigher than its mitial (postabsorptn e) 
value, and returns to the latter, or below it, onb’^ after the gb cemic let el 
lias declined below its postabsorptit e level 
A general pattern of the responses to glucose feeding is presented m Figs 
1 and 2, which represent the aterage values of the forty-four experiments 
of this senes In Fig 1 it may be noted tliat statisticallt’- the ht*pergb cemic 
peak occurs 0 5 hour after the mgestion of glucose, both in the artenal and 
in the t enous blood, and that the peak is followed by a continuous dechne 
until the gb comic lc\ cl drops below the postabsorptii e lei cl at the end of 
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the 4th houl The uvciage A-V (Fig 2) follow a similar pattern, but its 
changes show a disceiniblo lag compaiccl with Ihc changes of the blood 
sugar curves This lag is manifest in a slight but discernible increase in the 
A-V duiing the second half hoiu pciiod, when the blood sugar is already 
declining A similar lag is noticoablc in the declining phase of the curv’cs, 
at the 4 hour peiiod, when the blood sugar cur\ms dip below the fasting 
level, the A-V is still slightly gieatei than the initial value This chrono- 
logic lag IS but an expression of the fart that the changes in A~V arc the 
functions of the changes in the glycemic level 



Fig 2 Composite curve representing the changes m arteriovenous difference in 
forty-four healthy persons during 4 hours after tJie ingestion of 100 gm of glucose 

That ahmentaiy hypeiglycemia entails increased A-V values is a well 
recognized fact Oui experiments now show that this quantitative relation- 
ship IS more mtimate than it was considered previously We found that 
the higher the peaks of the hyperglycemia, the greater is the maximum 
A-V This relationship is discernible m Table III, but, owing to the natural 
constitutional differences between the subjects m these experiments, this 
relationship is not readily apparent On closer scrutmy, however, it is 
noticeable that the highest A-V tends to occur m those cases in which the 
hyperglycemic pealcs are highest (bottom group of Table III) That this is 
the general rule became clearer when we classified our forty-four cases into 
three groups the first ivith hyperglycemic peaks ranging between 131 and 
150 mg per cent, the second with peaks between 151 and 170, and the 
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third with pealcs between 171 and 190 mg pet Cent iTie respective aver- 
ages of the hjrperglycemic peaks in the three groups then were correlated 
with the averages of the corresponding maxmium A-V, as presented m 
Table W It may be seen that m the first two groups, m w hich the average 
hyperglycemic peaks are 141 and 163 mg per cent, respectiv ely, the maxi- 

TABan 

Quantilative Relationship between Height of Hyperglycemic Peal in 
Arterial Blood and Magnitude of Artenouenous Difference 


The values represent mg per 100 cc of blood 


No of cases 

peat of hypetElyctmia in ailttizl blood j 

A V masunmn 

Range 

A\ erage 

Range 

A\ eiage 

12 

131-150 

141 

20-50 

34 

24 

151-170 

163 

10-52 

35 

8 1 

j 

171-190 

1 

182 

31-58 

48 


Table V 

Higher Hyperglycemic Peal s Entail Higher Arteriovenous 
Differences in Same Individual 


The numbers in bold-faced tj^ie indicate peaks 


Glucose ingested 

Time after logcstion 
of glucose 

j Glucose 

A V 

Arterial blood 

Venous blood 

gm 

fnjn 

1 mg per 100 cc 

tnr fer 100 cc 

mt per cenl 

10 

0 

84 

79 

5 


10 

101 

93 

8 



120 

109 

11 


30 

121 

111 

10 


45 

109 

98 

11 

25 

0 

82 

79 

3 


10 

113 

103 

10 


20 

146 1 

1 127 

19 


30 

169 1 

129 

30 


45 

153 ! 

1 i 

1 126 

27 


mum A-V values are much the same, m seemmg contradiction to our con- 
tention In the third group, however, with an average peak of 182 mg per 
cent, the maximum A-V steeply rises from 35 mg per cent to 48 mg per 
cent 

In this survey the matenal w as not sufficiently extensn c to suppress the 
influence of mditndual \ anations TVe eliminated this factor by producing 
different degrees of alimentary hy^iergly cemia in one and the same mdi- 
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vidual In one }j;ioup of subjects this aUmnod b^ the oial feeding of 
vannble amounts of glucose Two cxamidcs of sudi ('\pcumcnts are pre 
sented m Tables V and VI Table V shons I hat after ingestion of 10 gm 
of glucose, when the hypci glyceinic peak Mas 120 mg per cent, the maxi- 
mum A-V Maas 11, Mdieicas, M'licn I he ingestion of 25 gm of glucose inci cased 
the hyperglycemic peak to 159 mg pci cent, the maximum didercncc was 
almost tieblcd, z c , it lose to 30 mg pei cent The olhcrcxample, gncnin 
Table VI, show's a similai quantitative rclationshij) at three different Ipqier- 
glycemic levels The slight hypeiglyccmia of 111 mg per cent, elicited by 
the ingestion of 5 gm of glucose, piodiiccd the barely disecrnible increase 

TABia \ I 


Consistent Increase of Maxinmin Artennunou'^ Difference v dh 
Increasing Hyperglycemic Peal s in Same IniUvidual 
The numbers in bold-faced tj pe indicate peaks 


Glucose ingested 

Time after ingestion 
of glucose 

Glu 

Arterial Iilood 

cosc 

Venous blood 

A V 

gm 

mtn 

niff per too cc 

mf per 100 ec 

mff percent 

5 

0 

91 

91 

1 


15 

111 

no 

1 


30 

102 

100 

2 


45 

94 

90 

4 

25 

0 

88 

84 

4 


15 

122 

no 

12 


30 

171 

155 

16 


45 

168 

151 

17 

100 

0 

87 

85 

2 


30 

182 

150 

32 


45 

195 

157 

38 


of 3 mg pei cent After the ingestion of 25 gm of glucose the lij'pergly- 
cemic peak was 171, and aftei 100 gm of glucose it Mxas 195 mg per cent, 
the corresponding maximum A-V values M'ere 17 and 38 mg pei cent, 
lespectively 

Smee the hypeiglycemic peak cannot be laised beyond a ceitain maxi- 
mum level by oial feedmg of glucose (the maximum being produced by the 
ingestion of from 25 to 50 gm of glucose), ne resoited to the mtiavenous 
admimstration of glucose m order to see whether oi not abnonnally 
increased hyperglycemia elicits an abnormally high A-V In one expeii- 
ment, the results of M'hich aie presented in Table VII, a healthy pei son m as 
fed at one time 100 gm of glucose by mouth, and on another occasion 50 
gm of glucose weie given by mouth and at the same tune 100 gm of glucose 
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(m 10 per cent solution) were injected mtravenouslj at a constant rate m 
the course of 2 hour= As may be seen, after oral administration the hyper- 
glycenuc peak was 166 mg per cent, while by additional mtravenous admin- 
istration an abnormally high peak of 286 mg per cent was produced The 
correspondmg maximum A-V values were 36 and 85 mg per cent, respec- 
tively These observations demonstrate unequivocal the fact that m 
healthy mdi%’iduals the A-V increases with mcreasmg levels of ahmentary 
hyperglycemia 


TABIiE VII 


Exaggerated Hyperglycemic Levels Entail Exaggerated 

Arteriovenous Differences in Healthy Person 

The numbers in bold-faced ta-pe indicate peaks 

Tune after 

1 Glucose { 


administration 



Aa 

of glucose 

Arterial blood | 

1 Venoua blood 

1 

Apr 19, 1946, after ingestion of 100 gm. glucose 

hrs 

mi per 100 cc 

mj per 100 ec 

r*x per cenS 

0 

95 

89 

6 

0 5 

136 

105 

31 

1 

166 

130 

36 

2 

151 

134 

17 

3 

145 

126 

19 

1 

Maj 7, 1946, after ingestion of 50 gm glucose and simultaneous 

intravenous infusion of 100 gm at rate of 50 gm 

per hr 

0 

! 90 

! 88 i 

1 2 

0 5 

250 

193 

67 

1 

286 

1 201 

85 

2 

277 

217 1 

1 60 

3 

' 105 

1 

18 


Role of Exlrahepahc Tissues in Homeostasis of Glyccmic Level 

This phenomenon rei eals the important role of the evtrahepatic (mamlj* 
muscle) tissues in the control mechamsm i\ hich regulates the blood sugar, 
uith the tendency to balance its concentration as near as possible at the 
constant postabsorptive level The part of the hr er in the performance of 
this task has been ell known smee Claude Bernard Lately it u as demon- 
strated m Mcll controlled experiments (9) that the higher the hyperglj cemic 
lc\el, the greater is the rate of glucose assimilation m the Iner In other 
w ords, increase m the glucose concentration of the blood entails an increase 
in the amount of glucose which the haer remoaes from the blood This is 
a potent factor in the control of the gljcenuc level This fact lias occa- 
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sionnlly been emphasized in sucli a mannci as to convey the impression that 
the liver is the onlj’’ impoitant factoi in (he homcoslasis of the glyccmic 
level ( 10 ) The icsponsc m (he c\liahcpa(ic (issues (o increasing blood 
sugai concentrations, as shown m (he jncocding sc((ion, is (he same as in 
the hvei This makes it imdcistandablc (liat dining alimentary hyper- 
glycemia the muscles remove even moic glucose fiom the blood than the 
liver does ( 11 ), and thus (heir function in (he homeostasis of the glycemic 
level IS by no means less significant than that of the liver 

SUiMMARl 

Determinations of the ditTcronccs between glucose concentrations m 
arterial (capillary) and venous blood (A-V diffeicncc) of healthy persons 
m the postabsorptive state and dining alimentary hypeiglycemia are 
presented 

The glycemic level is ahvaj^s highei in the aitciial than m the venous 
blood, this holds tiue in the postabsorptive state as well as during alimen- 
tary hypergb^cemia Reimrsal of this relationship ivas not encountered, 
i e , the difference, arterial blood sugai minus venous blood sugar, is always 
a positive quantity The average value m the postabsorptive state is 4 8 
mg per cent The aveiage of the maximum A-V, statistically occuirmg 

I hour after feeding 100 gm of glucose, was 33 5 mg per cent, the highest 
value w^as 58 mg per cent 

The mcrease of the A-V is a function of the hjqierglycemic lev'el, i c , the 
higher the hyperglycemic peak, the greater becomes the A-V 
The importance of the adequacy of the analytical technique in studies of 
A-V IS emphasized 
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THE DETERMINATION OF DIKETO-I-GULONIC ACID, DEHY- 
DR04-ASC0RBIC ACID, AND Z-ASCORBIC ACID IX 
THE SAME TISSUE EXTRACT BY THE 2,4-DINI- 
TROPHENYLHYDRAZINE METHOD* 

Bt JOSEPH H ROE, l^IARY B MILLS, M JANE OESTERLING, 
and CHARLOTTE XI DAMRON 
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By the Roe and Kuether (1) method for the determination of vitamin C 
dehydro-l-ascorbic (DBLA.) and diketo-J-gulomc acid (DICA) are not differ- 
entiated The basic prmciple of this method, howei er, is adaptable to the 
determination of i-ascorbic acid (AsA), DHA, and DICA m the presence of 
each other It is the purpose of this paper to report methods foi such 
determinations 

The first problem to overcome m this work was the extraction of the 
three compounds from tissues This must be done by techniques that will 
not permit the oxidation of AsA to DHA and will keep at a minunum the 
change of DHA mto DBA. Roe and Oesterhng (2) prevented the oxidation 
of AsA m plant tissues by extractmg with a metaphosphonc acid solution 
contaimng 1 per cent of thiourea However, in animal tissues thiourea wiU 
not adequately prevent the oxidation of AsA during extraction because of 
the powerful oxidant effect of oxj^hemoglobm The problem m as soh edby 
adding SnCb in 10 per cent concentration to the HPOj solution, SnClj 
effectively reduces the oxyhemoglobin of animal tissues Furthermore 
SnCb IS a more convement reagent, smce it can be rdUfbied later m the 
procedure 

The procedure developed consists of gnndmg the tissue under 10 per cent 
solution of stannous chloride m 5 per cent HPOj, after nhich enough 5 per 
cent metaphosphonc acid solution is added to make the SnCb concentration 
0 5 per cent 

From data on meltmg points, nitrogen content, and chromatographic 
adsorption Penney and Zilva (3) came to the conclusion that the 2,4-dmi- 
trophenylhydrazme den\ atives of AsA, DHA, and DKA are the same com- 
pound Absorption curves of the denvatives of DHA and DIxA, prepared 
by ourselves, also indicate that these derivatives are identical substances 
Penney and Zilva (3) hare postulated that 2,4-dinitrophen%lh\drazine 
couples only nith DID^. and, therefore, DHA gnes nse to a deniatue in 

* Supported bi a grant from the Nutrition Foundation, Inc 
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the piesencc of this icagent only iiftoi com (m sum <o ])KA Om stiitlic'> 
suppoit this h3'^pothesis of Pciincj’’ niul Zih a 

To detcimme DKA m the piescnco of A^A ami ])IIA througli the 2,4- 
dmitiophenylhydiazmc dciivativo one might malce use of the nioic rapid 
late of coupling of DKA with 2,4-dinilio])hen3'lh3dia/ine, as Penney and 
Zilva did (3), oi one might leducc the DIIA Mith and then couple the 
unchanged DICA with 2,4-dinitiophcnjdhvdianne The II;S procedure 
is the classical method foi difleicntiating between the tno compounds and 
for analjdical woik it y as found bj us to be nioio ‘-ensitn e, adaptable, and 
reliable 

Analysis of metaphosphoric acid-stamious chloride filtiates of tissues 
containing AsA, DHA, and DICA bj' the 2,4-dinitrophon3dh5'^drazmc pro- 
ceduie gives a composite value which includes DIIA and DIDV (called 
Determination 2) Appropiiate treatment of this filtrate with H:S reduces 
the DHA and leaves the DICA almost com plot 0I3’ unchanged Anal3^sis 
of this filtrate b3’' the dinitrophcn3dh3'diazino method gi\cs the DICA con- 
tent (Determination 1) Subtracting this icsult from the \alue of Deter- 
mination 2 gives the DHA Biommc oxidation of the H^S filtrate, after 
removal of H2S, 3uelds a solution containing all of the vitamin C in the 
oxidized forms Anal3^sis of this solution by the dinitioplien3dh3'drazme 
method gives a composite value including AsA, DHA, and DIOV (Deter- 
mination 3) Subti acting the value for Determination 2 fiom that for 
Determination 3 gives the AsA content of the oiiginnl cxtiact 

Factors Affecting Coupling Rale — Since imtialb’’ DKA solution produces 
more denvative wuth 2,4-dinitrophen3dhydrazme that does DHA solution, 
it was necessary to set up conditions that wull permit the coupling to go 
practicall3'^ to completion We use a strongb" acid reaction mixture to pro- 
mote coupling, as the late of change of DHA into DICA is acceleialed b3 
the hydrogen ion In our reaction mixtuie the coupling of DIDV wuth 
2 ,4-dmitiophenylhydrazine in 1 houi at 37° is 70 per cent of that of a molar 
equivalent of DKA wuth the same leagent As is indicated m Fig 1, the 
cui-ves show'ing coupling of DHA and DKA are very close at the 5 hour 
period and piactically superimposed upon each other at 14 hours 

How^ever, AsA wull show" slight coupling at 37° in a prolonged incubation 
peiiod Since erroi begins to occur fiom coupling wuth ascorbic acid after 
8 hours of mcubation, a 6 hour incubation period was adopted as most 
satisfactory for our procedure The coupling of DHA is 95 pei cent of that 
of DICA during this time, and this error is constant and can be coiTected 
for in accurate work 

The rate of coupling is influenced b}" the concentration of the reducing 
agent present in the reaction mixture (II Since in Determination 1 the 
SnCb IS removed by H2S treatment, it is necessary to add another reducing 
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agent to prevent reoxidation of AsA and to pro^nde tte correct medium for 
coupbng nith 2,4-dmitrophenjIh3’^drazme For this purpose ne use thio- 
urea m a concentration of 1 per cent, which was found to ^^eId essential!} 
the same couphng curve as 0 5 per cent SnClj 

Conditions Jor Complete Reduction of Dehydroascorhc Acid — ilost workers 
ha\e utihzed a pH of 3 5 when reducmg DBLA. with H:S This is an opti- 
mum condition if DHA is the only oxidation product present In an 
attempt to establish what conditions blocked the reduction of DHA m the 
presence of HjS and SnCb we worked at vanous acidities from pH 0 4 to 
'7 0 pH leadmgs were taken after removal of the SnS by filtration The 
curves given m Fig 2 show that reduction ivith HjS for 15 minutes results 



Fig I Couphng rates of DHA and DKA Standardized DH\ and DKA solu- 
tions, containing 1 per cent thiourea, w ere incubated with 2 ,4-dinitri»phen\lh% drazinc 
at 37° 

in complete regeneration of AsA at pH ranges from 4 7 to 1 2 Below pH 
1 2, the reduction is sharpl}' dimimshed Reduction of DH\ was practi- 
cal!} complete in 5 mmutes at pH 3 5, but reqmred 15 minuto= at pH 1 2 
to 2 0 It IS suggested that the slower reduction of DHA at low pH \ alue= 
is due to a decreasmg H^S concentration with mcreasing audit}, although 
at X ery low pH \ alues the failure may be due m part to a com er^ion of 
DHA to DKA (Fig 3) Other reducmg reagents were tried, includmg 
SnCli and Na:B, but none proved as satisfactory as H;S 

Conditions for Protection of DKA — ^In the presence of H:S, DIv.\. is slow h 
com erted into an unknown product (5) This change is not a reduction to 
As\., since subsequent reoxndation does not restore the onginal value 
In stud}nng this comersion we first detemuned the amount of DIv.\. 
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remaining m a solution afiei exposure i.o H:S foi (liffcicnt lengths of time, 
at seveial pH valuer, as shown in Fig 4 It ( an bo seen that DICA is slowly 



Fio 2 Reduction of DHA at various pll values I'rcsh DJIA solution was pi- 
petted into buffers of 5 per cent HPOj adjusted with concentrated HCl or solid 
Na2C03 The solutions were reduced immediafeh with II-'' for 5 or 15 minutes, pH 
values were taken after reduction 



pH OF BUFFER 

Fig 3 Conversion of DHA to DICA at various pH values Fresh DHA solution 
was pipetted into buffer solutions i hour before analysis The pH was adjusted to 
1 25 before reduction 

dimmished as a direct function of time The change is also seen to occur 
with greater rapidity at increasing pH values Piotection at pH 1 3 was 
approximately 97 per cent with 15 mmutes exposure to HjS 
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This leaves a fairly restncted pH at vhich to work for complete reduction 
of DHA and satisfactory protection of DKA We found the range of pH 
1 25 to 1 30 to be safest, and since this is the pH of fresh 5 per cent HPOj, 
the latter concentration of acid was adopted for use 

Analytical Procedure 

Extraction — Tissue is throughly ground m a mortar under 1 volume of 
10 per cent solution of SnCb m 5 per cent HPOj 19 volumes of 5 per cent 
HPOs solution are added (Do not use a Warmg blendor or homogemzmg 
apparatus that would introduce mcreased amounts of oxj^gen mto the 
slurry ) The slurry is thoroughly mixed and filtered A solution with a 



Fig 4 Per cent DKA not recoverable by the 2,4-dirutrophenjlhjdrazine method 
after H S treatment Solutions in 5 per cent HPOj were adjusted to diRerent pH 
values with solid NajCOj or concentrated HCl and exposed to HjS at 25° for varying 
penods up to 3 hours 

dilution of 1 part of tissue in 100 parts of extract is desirable and m dilutions 
greater than this a concentration of 1 to 10 7 per cc of total AsA, DHA, 
and DICA is recommended It is necessary to work rapidly to prevent 
changes in partition of the three compounds A conversion of DHA to 
DKA of 5 7 per cent m a solution contaimng 0 5 per cent SnCli-5 per cent 
HPOj was observ'cd m 1 hour at room temperature 
Determination of DKA — ^Place 100 cc of the original SnClj-HPOj filtrate 
m a large test-tube Introduce a gas filter tube w ith a sintered glass filter 
about 20 mm m diameter and pass H;S through for 15 minutes To 40 cc 
of the H:S-saturated extract add 0 4 gm of powdered thiourea, shake imtil 
the latter is dissolv ed, and filter Into the filtrate bubble CO- for 5 minutes 
Pipiette 4 cc aliquots of this solution mto each of three photoelectric colon- 
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motci tubes Add 1 or of 2 pei cent 2, }-diiiilioj)lienyIh\dni 7 ,mc in 9 n 
H 2 SO 1 to two of these tubes nud hold one lube ns n blnnlv J’lnce tlio tliree 
tubes in a watei bath at 37° foi 0 houia Fioin lieie on (lie analysis is the 
same as that described by Roe and Kucthei (1) The \ alue obtained here 
IS the DK'V content 

Composite Deleimmahon of DU A and DKA, foi 1)11 A Content — 1 cc 
aliquots of the oiigmal SnCb-IIPOa fiKiatc are pipetted into each of three 
coloiimetei tubes 1 cc of 2 pei cent 2,‘i-(hnitioplionylh}diazino m 9 N 
H 2 SO 4 IS pipetted into two of the tubes, the thud tube being held ns a blank 
The tlnee tubes are placed in a w'atei bath at 37° foi b lioui s The analysis 
from heie on is identical with that dcsciibcd by Roc and Kucther (1) 
Fiom the value obtained hcie subtinct the DKA valued determined above 
to get the DIIA content 

Composite Deleimmahon of AsA, DlIA^ and DKA, foi AsA Content — The 
lemaindei of the H 2 S-saturated solution is hllcicd to icmoic SnS (thiourea 
IS not added) into a test-tube suitable foi bubbling gas ^kir is drawn 
through this solution until the H 2 S is 1 amoved Tlie an should bo drawn 
through a w'ater trap before passing thiough the JI 2 S solution to mmiraizo 
volume changes Sufficient bi online is added to coloi the solution Excess 
bromme is removed bj’- bubbling air through the solution as abo\ 0 Pow- 
dered thiouiea in quantities sufficient to make a 1 per cent solution is added 

4 cc aliquots of this solution are pipetted into each of thiee colorimeter 
tubes 1 cc of 2 per cent 2,4-dinitioiihenylh3'diazmc m 0 ^ HeSO; is added 
to each of two tubes and the thud tube is held as a control The three 
tubes aie placed in a w'atei bath at 37° foi 6 houis Fiom hcie on pioceed 
as desciibed bj’' Roe and Kuether (1) The icsult obtained here is a com- 
posite value including AsA, DHA, and DIL'i Fiom this value subtract 
the composite value for DHA and DIf[A obtained aboim Tins gives the 
AsA content 

Preparation of Cahbialion Curves — Since 111 the abore piocedures the 
1 ate of coupling is influenced bj'- the acid solution used and the antioxidant 
piesent, it is impoitant 111 piepaimg a cahbiation cuive to use the same 
concentiation of HPOa and tluouiea or SnCh as is used in the procedure 
follow ed foi the unlcnown We use a cahbiation cunm made w ith standaid 
dehydroascorbic acid solution piepaied b}’- biomme oxidation of ascorbic 
acid as directed by Roe and Oesterlmg (2) The standards aie made up in 

5 per cent HPO 3 solution contammg 1 per cent of tluouiea The tubes aie 
meubated foi 6 hours at 37° The cuive obtained wath 1 pei cent thiourea 
IS practically the same as that obtained wnth 0 5 pei cent SnCh Thei efore, 
calculations of DHA, DIfA, and AsA aie all made with the same standaid 
curve 
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Recovery Studies 

The method outlmed above was tested on solutions of knonm concentra- 
tion Recovenes are shown m Table I The AsA solution was prepared by 
dissolvmg crystalhne ascorbic acid^ in 5 per cent HPO 3 The DHA solution 
M as prepared by dissolvmg the crj'stalhne ascorbic acid m distilled v ater, 
oxidizing V ith bromme, and remo^nng the excess oxidant by bubbling air 


Table I 

Recovery of Ascorbic, Dehydroascorbic, and Dif elogulonic Acids from Solutions 
of Known Concentrations 




AsA 

DHA 

DKA 



[ 7 per 4 cc 

ftT ■! cc 

Y per 4 cc 

Pure solutions 

Amount present 

36 7 

0 0 

0 0 


Found by method 

36 4 

0 2 

0 0 


Amount present 

0 0 

35 5 

0 0 


Found bj method 

0 0 

35 2 

0 4 


Amount present 

0 0 

0 0 

61 2 


Found by method 

0 0 

0 2 

60 6 


Amount present 

14 5 

0 0 

19 4 


Found by method 

14 0 

0 2 

1 19 3 


Amount present 

0 0 

18 7 

21 0 

1 

Found by method 

0 0 

18 8 

20 7 

Additions to blood 

Amount present 

35 2 ] 

0 0 

0 0 


Found by method 

35 1 

0 1 

0 0 


Amount present 

0 0 1 

29 5 

0 0 

j 

Found by method 

0 0 1 

27 6 

0 5 


Amount present 

0 0 

0 7 

24 2 


Found by method 

0 0 

0 6 ' 

' 24 5 

Additions to spinach 

Amount present 

33 4 

1 4 

j 0 0 


Found by method 

33 5 

1 0 

1 0 2 

Homogenization w ith 

Amount present 

40 0 ' 

0 0 

0 0 

Waring blondor 

Found by method 

29 0 

10 0 

0 Q 

i 


through the solution for 5 mmutes The DKA solution was made from 
calcium diketogulonate prepared by a modification of the Pennej* and Zih a 
method (G) Additions of AsA., DHA, and DKA were made to blood 
because the latter presents the most cntical test of the method owing to 
high oxyhcmoglobm content A loss of about 4 per cent of dehj droascorbic 
acid added to blood is show n m Table I, which seems unax oidable ex en x\ ith 
the use of such protectme reagents as SnCb, H:S, and thiourea The re- 
coveries obtained w ith blood, howex er, are good m xnew of the fact that the 

' ]vind)\ supplied to us b\ Xlerck and Coinpan\, Inc 
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amountb added woie 100 times m evccss of the amount normally present 
Recoveiies of the thiee foims of tlie vitamin added to other animal tissues 
were entiiely satisfactoiy 

This method has been successfully applied to analyses of ascoibic acid 
and its oxidation pioducts m fiesh plant and animal tissues and m processed 
foods The lesults mil be leporled later 

SUMMARX 

A method is piesented foi the determination of dikelo-Z-gulonic acid, 
dehydi o-Z-ascorbic acid, and Z-ascoibic acid, each m the presence of the 
others, by means of the 2,4-dmitrophenylhydiazme method 
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DISTRIBUTION STUDIES 
X ATTAINMENT OF EQUILIBRIUM 

By guy T BARRY,* YOSHIO SATO.t ant) LYMAN C CRAIG 
(From the Laboratories of The Rod efeller Institute for Medical Research, New Yorl) 

(Received for publication, Januarj 19, 1948) 

One of th.e requisites for the apphcation of the counter-current distnbu- 
tion procedure to any solute or mixture of solutes is the establishment of 
complete equihbnum betw een the two phases at each step This is neces- 
sary if the partition ratio is to be used for the calculation of a theoretical 
curve (1) and in most cases is advisable also m order to achieve the best 
separation possible with a mixture of solutes Thus far m our work eqm- 
hbnum has been established by inversion of the barrel of the distnbution 
apparatus, then nghting it agam, 50 times before the phases were allowed 
to separate The rate of mversion was so adjusted that good dispersion 
was mamtamed That essential eqmhbnum had been established was 
made certam by the good agreement betw een experimental and calculated 
curves (1) With the possible exception of one instance, no case has yet 
been found where 50 mversions have not gi\ en essential equihbnum 
However, the possibihties inherent m the use of higher numbers of trans- 
fers are bemg explored and for this purpose any reduction m the tune re- 
quued at each step becomes of mcreased unportance Moreover, with 
unstable solutes such as the pemcilhns the time of the distnbution should 
be reduced as much as possible m order to minimize the percentage of trans- 
formation A simple quantitative method of studjung the rate at which 
equihbnum is established has therefore been defused w hich simulates the 
equilibration conditions of the distnbution apparatus as nearlj’- as possible 
In this procedure the equilibration vessel was a glass-stoppered Pjuax 
tube with approximately the inside dunensions of one of the tubes of the 
distnbution apparatus, r e , 7 5 mches m length and 0 5 mches m diameter 
An arbitrarj^ weight of the solute was dissolved m one of the phases and 
placed m the tube The other phase w as careful^ stratified above or below 
the one previouslj'' inserted m the tube so as to avoid mtxmg The tube 
was then attached to the barrel of the distnbution apparatus and an arbi- 
trary number of standard mversions was apphed The two phases usually 
separated m about 30 seconds The amoimt of solute m each phase was 
then determmed by some suitable analytical method and the ratio of the 

•Fellow of the National Institute of Health, Washington, D C 
t Research Assistant, Department of Biochemistry , Cornell Uni\ ersity Medical 
College, under a grant from the National Institute of Health, Washington, D C 
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concentintions was iccoidccl Tlic piocrdurc was repealed fcuecc^-sivelj 
with vaiyuig numbers of mveibions 'J'he logaiithms of the latios so ob- 
tained wcie plotted n& oidmalcs agaiiibt the luimbei of standard in\crsions 
as abscissa as in Fig 1 A second cunc uas then dctcrniincd in the same 
mannei, except that tlie solute in this case nns initiall}'' dissolved m the 
other phase 

An example of such a study is gi\cn with benzylpcnicillin in the system 
ethyl ethei-3 m phosphate butler at pll 4 (>0 (System 2 (2)) For each 



Na of invepBione 

Fig 1 Rate of establishment of equilibrium Curves 1 and 2, benz 3 lpGnicilIiii 
in ethrl ether-3 m phosphate buffer at pH 4 60, Curves 3 and 4, p-hj droxj benzj 1- 
penicillin in ethrl etber-3 m phosphate buffer at pH 4 9, Curves 5 and 6, benzjlpcni- 
cillm in ethvl clher-2 Ji phosphate buffer at pH 4 86 

deteimined point of Fig 1 appioximatelj'- 10 mg of the sodium salt weie 
used The concentiations tvere deiived spectioscopically at a ■wave-length 
of 260 mp with the Beclanann quaitz spectiophotometei The equilibra- 
tions tveie made m the cold room at 5-6° ivith 8 cc of each of the phases 
Obviously the point at which Cuiwes 1 and 2 meige wnll give the number of 
inversions leqimed for essential equilibnum 
Although the data given m Fig 1 weie sufficient to permit selection of 
the optimum operating conditions with the distribution apparatus foi the 
particular case, it appeared that the investigation in itself was deseiwmg of 
further study It was soon found that the values obtamed could be repro- 
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duced readilj”^ m different tubes with similar dimensions The amount of 
solute taken initially •within cert-am limits ivas not cntical It proved 
unnecessary to attach the glass tube to the distribution apparatus m order 
to reproduce the result Beyond these conditions almost any other change 
had its effect 

The number of mversions required for the pair of curves to merge was 
found to depend strongly on the relative \ olumes of the phases, on the i alue 
of the partition ratio, on the temperature, on the particular solute mvolved, 
and on the tjqie of sj'stem used Thus, the result obtamed ivith p-hydroxj’'- 



Fig 2 Rate of establishment of equilibrium Benzvlpenicillm in isopropjl 
ethcr-3 m phosphate buffer at pH 4 9 Cun es 1 and 2 at 0 - 6 °, Cuiv es 3 and 4 at 24° 

benzj Ipenicillin m cthj 1 ether-3 m phosphate at pH 4 9 (Sj stem 3 (2)) ls 
showm in Cunes 3 and 4 of Fig 1 and that with benrj Ipemcillm in ethjl 
cther-2 m phospliate at pH 4 86 (St stem G (2)) is gn cn b\ Cun es 5 and G 
In Fig 2 lienzjdpenicillin has been studied in isoproptl ether-3 m phos- 
phate at pH 4 9, 13 and 7 cc respectneh The imersions were made at 
5-6° for Cun es 1 and 2 and at 24° for Cun es 3 and 4 .4s might be e\- 

1 ) 001011 , increasing the temporiture increased the rate at which equilibration 
was established 

The problem of the rate of interchange of a solute between tw o immiscible 
liquids in intimate contact is one of considerable interest, particularly for 
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the industrial chemist and physiologist Accoidingly, a considerable litern- 
tuie exists on this subject (3, 4) in wluch definite resistance to the immediate 
estabhslunent of cquihbiium has quite gciiciallj’’ been noted The expen 
mental obscivations appear to be intcipietcd best, in terms of the "two film” 
theoiy A discussion of this ralhei involved tlieoi^ vould appear scarcely 
Avaiianted in the picsent connection Jlouover, the icsults we lia\e ob 
tamed all ivould appear to be in line vith such a theory 

As would be expected fiom tlic thcoiv, gentle stiiiing of the two layers 
in the tube by'’ slow tilting or mvcision, so tli.it the jihascs were not dispersed 
mto tiny droplets, has given a vciy' poor into of interchange On the other 
hand, a quick invcision follow'cd by^ a slight pause before the next inversion 
would appeal to offei the optimum conditions for interchange, since the 
droplets begin to coalesce during the pause only to be broken up again at 
the next mveision This could, on the basis of the "two film” theoiy, i\cll 
reduce the resistance to interchange of the solute at an inteiface to a 
mmimum 

In connection wuth such a view -point, it might be interesting to speculate 
on the effect an emulsifying agent might have on the late of interchange of 
solute, smee here, although the dioplet is veiy small, its suiface could be 
stabilized, have greater viscosity, and would bo more like a solid It is 
conceivable that such a condition might not give good interchange of solute 
Although w^e do not have quantitatnc data on this point, we have fre- 
quently noted that an experimentally dctei mined paitition latio was diffi- 
cult to duplicate wdien the phases emulsified dining equilibration so that 
centrifugation wms required to cause separation 

Not only was benzylpenicillin found to reach equilibrium at different 
lates m diffeient systems but in some systems it w'as also found to approach 
equilibrium at different rates, dependmg on whether it passed from one 
phase 01 from the other An interesting examjjle of such a case was that 
represented by Curves 1 and 2 of Fig 1 The net late of "escape” of the 
solute from the buffer phase is slower than that from the ethei phase The 
level so might have been expected, since at equilibrium the solute existed 
in the ethei phase m 5-fold the concentiation of that in the buffer phase 

In connection with this lattei point Curves 3 and 4 in Fig 1 are interest- 
ing With this solute, p-hydioxybenzylpenicilhn, the concentration m the 
buffer phase was 2 8-fold that in the ether phase at equilibrium Yet 
Curves 3 and 4 are sumlar and show approximately equal rates of escape of 
the solute fiom eithei phase 

Of consideiable interest to the method of counter-current distribution, 
pai ticularly when applied to the investigation of unknown mixtures, might 
be the result obtained for the case of mtentional operation of the apparatus 
at disequihbiium This could be studied easily for benzylpenicilhn in the 
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system used for Curves 1 and 2 of Fig 1 by usmg somethmg less than tn enty 
inversions for the equihbrations during the distnbution According^, a 
distnbution was made m the standard manner with only eight m\ ersions 
at each step The result of this distnbution is shown m Cmv-e 1, Fig 3 
Had the distribution been made at complete equilibnum, the calculated 
distnbution shown by Curve 2 would have been obtamed 
These two curves suggest an mterestmg possibihty m connection with the 
theoretical separation of a binary mixture Two solutes might hai e iden- 



Fig 3 Effect of disequilibrium on counter-current distribution cun es Cur\ c I , 
disequilibrium, Curve 2, calculated 

tical or nearlj' identical partition ratios in a particular sj'stem, j ct could 
differ in the rate at uhich thej' would approach equihbnum from the two 
phases If one beliat cd as shown by Cun e 1 and the other beliat ed as 
Cun e 2, then a partial separation could be achie\ ed \Mien the partition 
ratios are not far apart, an improaed separation could theoretically be 
obtained This type of reasonmg is of mterest in connection wath con- 
tinuous fractionation columns where true equilibnum is never established 
at any point in the column 

A distnbution was also made with bcnzydpeniciUin at slight disequihb- 
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rium m the system used foi the deleunination of Cuives 1 and 2 of Fjg 2 
100 transfers were applied \\ ith twenty-five m\ ei sions at oacli stage The 
result IS shown m Cune ], Fig 1 Tlio (ahulated cuivc isCime 2 
Apparently the salt conccntiation of Ihis biifToi was ^Iigiitlj higlici, which 
accounts foi the band being .somewhat slufled to the light As nnglit be 
expected from Cuiwes 1 and 2 of Fig 2, (he cxpoi iincnt al cm \ o is wader than 
the calculated one, although symmcliical m shajie I'lic de\iation in the 
region of Tubes 60 to 75 w’as due to the picseiue of a small pciccntago of 
penicillin of the A--pcntcnjd and n-amyl tjjre Tliat the widening of the 
mam band w^ns not due to a rnixtuic of .substances was established b} redis 
tnbuting (70 tiansfeis) the mateiial of Tubes 33 to 43 and comparing the 



Fig 4 Counter-current distribution curve run nt sliplit ciiscquilibrium, Curve 1, 
calculated, Curve 2 

result with a similar redistribution of the mateiial m Tubes 48 to 58 The 
two curves were of the same width 

In a very mteiestmg discussion of the theoiy of chiomatogiapliy, Mai tin 
(5) has presented the theoretical result expected if instantaneous eciuihb- 
rium should be established at eveiy point in a column Tins wmuld imply 
an infimte number of stages in the column and m tins case the front and real 
of the band would remain sharp during migiation On the othei hand, 
when equilibrium is not established instantaneously, as m actual expen- 
mental results, the front and rear edges of the band tend to erode more 
rapidly and the experimental cui-ve obtained assumes iieaily the shape of 
the curve of error (assummg a linear partition isotheim) 

Our ex'traction experiments are pai-tially analogous but diftei m many 
respects The experimental realization of a particulai curve of error m a 
counter-cuirent distribution is always possible with a Imeai partition iso- 
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therm (6) because the actual number of transfers apphed is known, each 
transfer is nearly perfect, the solute can be placed m a smgle tube mitially, 
the relative volumes of the phases m contact at each stage are knonm, and 
actual equilibrium conditions can be reached at each transfer Any one 
of these vanables can be changed at will m order to produce a desired effect 
n ithout mtroducmg simultaneously an unknown vanation m the others 

In contrast to this, the realization of a normal curv’^e m a packed column 
process such as in chromatography has a different basi'i Among other 
reasons, it could be caused by such factors as disequihbnum or variation 
in the paclang of the column It would appear to be a much more complex 
phenomenon m u hich rates such as rate of flow, rate of mterchange of solute, 
etc , must always be considered 

The authors ivish to express their thanks to Dr Vmcent du Vigneaud 
and Dr Dredenck H Carpenter for their mterest and helpful suggestions 
during the course of this work 


SUMMARY 

A method is proposed for the study of the rate of mterchange of solute 
between ti\ o immiscible hquids in contact The method has been apphed 
to different crystalline penicillins m several systems Considerable varia- 
tion m the rate of interchange has been found The imphcations of the 
study in connection u ith counter-current distnbution have been discussed 
The effect of operation of the counter-current distnbution apparatus at 
disequilibrium has been studied 
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XI ISOLATION OF BEX2IYLPEXICILLIN COXTAEsIXG 
RADIOACTWE SULFUR 

Bt YOSHIO SATO,* GUY T BARRY, f akd LYALAN C CRAIG 
(From the Laboratories of The Rockefeller InsMute for Medical Research, New Yorl) 

(Received for publication, Januarj 19, 194S) 

In studies to be reported in Science b 3 ’^ Dr S F Howell and Dr J D 
Thayer of the Venereal Disease Research Laboratory, Staten Island, New 
York, and Dr L H Labaw of the National Institute of Health, the mold 
Pemcilhum noiatum has been grown on a synthetic medium contaimng 
radioactive sulfur as sodium sulfate For one experiment the culture was 
extracted by an organic solvent and the crude amorphous penicilhn recov- 
ered by the usual lyophihzation process In another experiment adsorption 
was used m the recovery The product m both cases contamed radio- 
active sulfur 

It was of mterest to isolate the penicilhn from the residues m ciystalhne 
form m order to determine whether the radioactn e sulfur had mdeed been 
incorporated mto the pemcilhn molecule Because of the relatively small 
size of the amorphous samples available the counter-current distnbution 
method (1) appeared to be the method of choice Accordmgly, at Dr 
Howell’s suggestion, we have undertaken the isolation of the crj’-stalhne 
pemcilhn 

For the prehmmaiy experiment a twenty-four transfer distnbution nas 
made at a temperature of 5° with SOI mg of the limptubzed sample m the 
ether-buffer system (8 cc of each laj'^er) which had proved the most satis- 
factory for the isolation of benzjdpemcilhn (1) The buffer n as approxi- 
mately 2 M phosphate at pH 4 88 

The sample was dissolved m the buffer phase, but when shaken with the 
ether phase a rather stable emulsion de\ eloped 1 cc of cold 8 ii phos- 
phonc acid was therefore added and, after shaking, the ether laj^er was 
withdrawn and used for the upper phase m Tube 0 of the distnbution No 
further difficultj with emulsification was expenenced After the distnbu- 
tion nas finished, the contents of each tube were acidified with 1 cc of S 
M phosphonc acid and shaken in order to transfer the penicillm mto the 
ethereal laj’^er A 1 cc aliquot of the ether of e\CTy alternate tube nas 

‘Research Assistant, Department of Biochemistry, Cornell Unuersitj Mcdica^ 
College, under a grant from the National Institute of Health, Washington, D C 
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then evapoiatcd to diynoss under icdiued j)iessuic and weighed The 
lesults are show'n giaphica]l;v ^ ^ ’>n ' 1 

The cuive show's a slight elevation in <h(' legion of I’libes 8 (o 11, with 
the appaienl ma\imum at Tube 10 A inueh gi cater elevation occurred 
at the light-hand side of the giaph with the ina\imuin at 'I’lilie 23 The 
smallei peak occuned in the legion, which would induate benrAdpcnicillin 
01 pel haps A"-pcntenvlponicillin, while the inueh laigei peak would indicate 
the w-hcptylpenieillin typo 

How'evei, a studj' in the Veneical J^ise.i^-e lle'-eaidi Liboiatorv of the 
antibiotic activity' of the difTcient tube‘^ lestiieled almost all of the aetiviti 



Fig 1 Distribution of extract of penicillin culture O, weight, A, biological 
activity 

to the region of the smallei peak whcie the benzjdpenicilhn t 3 'pe would 
occui (1) Cun'-e 2 of Fig 1 gives the activikv per cc of the solid matenal 
contained in each of the tubes The distiibution had accomplished a con- 
sideiable concentiation of the active matenal, since Tubes 6 to 14 com- 
piised only 9 pei cent of the weight of the initial sample 
The material in Tube 9 crystallized leadilj' as the tiiethjdamme salt (1) 
and yielded 3 7 mg of ciystals Fuithei, upon testing the ladioactivity 
of the ciystalhne material in the laboi atones of the National Institute of 
Health it was found to have approximatelj-' 4 times the ladioactivity of the 
amoiphous staitmg matenal 

Subsequently a largei sample (1 513 gm ) of the amoiphous penicillin 
was fractionated by a slight A'ariation of the fiist expenmeut The same 
system was used, but instead of equal volumes of the tw'o phases, 12 cc of 
ether m each of the upper phases Avere employed A total of foity-mne 
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Fig 2 Large scale isolation of penicillin G (benzj 1) containing radioacti\ e sulfur 
atom •, weight, O, calculated curve 
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transfers t\ as applied bj' means of the lecluuque of alternate w ithdraw al 
'(1) Fig 2 again shows the result graphically The majonty of the mac- 
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tive mateiial had been withdiawn fiom the apparatus before tlic end of the 
distnbution and its A^clgllt does not appear on tins graph The curve 
lefeis only to the matciial icmannng in the distnbution apparatus at the 
end of the distnbution A calculated cuitc (2) is superimposed From 
this cunm it can be denved (1) that a small percentage of penicillins other 
than benzylpenicillin and perhaps mad no maierial ispicsent intlienght- 
hand side of the band 

For isolation various tubes vvcic combined Fiom Fig 2 it can bo pre- 
dicted that Tubes 20 to 28 mclusnm aic most hkelj’’ the purest with respect 
to benzylpenicillin Tliese vvcic accoidmglj combined and precipitated 
with eveess tnethjdamme Upon ieciystalliz.il ion, GS mg of the colorless 
salt weie collected which melted at 140-151° (hot stage melting point) 
C'':HJ 30 ^SNJ CnlcuHlccl, C GO G5, II 7 Gt, found, C GO 70, II 7 7S 

Tubes 27 to 29 gave 27 mg of ciystallmo matcnal which melted at 131- 
139° 

Found, C GO 12, 11 7 50 

Tubes 30 to 33 gavm 28 mg of crystalline material with a slight yellow 
color, winch melted at 119-125° This material probably contained an 
appieciable amount of the A'-pentenylpemcillm and n-amylpcnicillin tj^pes 

A similar study wsas made of amoiphous crude penicillin isolated from 
the cultuie media wuth the aid of adsoiption on chaicoal A distribution 
made exactly as in the first experiment described above is shovvm in Fig 3, 
Cuive 1 Deteimination of the antibiotic activity gave the result shown 
also in Curvm 2 The pattern is v’^ery similar to Fig 1, except that several 
times the amount of activm penicillin vv^eie indicated 

Again assuming Tubes 7 to 11 to be the most pure with lespect to benzyl- 
penicilhn, the tiiethylamine salt was prepaied 50 mg of colorless crystal- 
line benzylpenicillin salt was obtained which melted at 140-150° 

Found, C GO 54, H 7 6S 

The analysis reported heie were made by Mr D Rigakos 

SUMMAHY 

The amoiphous crude penicillin obtained by extraction of a cultuie of the 
mold Pemcilhum noiahim grown in medium contaimng ladioactive sulfur 
" as sodium sulfate has been studied by the counter-current distnbution proc- 
ess Crystalhne benzylpenicillin containing radioactivm sulfur was readily 
isolated Quantitative calculations could be made from the data 
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xn PURITY OF CRYSTALLINE PENICELLINS 

By guy T BARRY,* YOSHIO SATO.t aicd LYALAN C CRAIG 
(From the Laboralones of The Rockefeller InsUivte for Medical Research, New York ) 

(Received for publication, January 19, 1948) 

Our preliminary expenence with the apphcation of the method of counter- 
current distnbution to the estunation of the various pemciUm species pres- 
ent m a given preparation of the drug has previously been reported (1) 
Although the results were sufficient to be of considerable use, there was need 
for further study and improvement 

At the tune the work was begun most of the pemciUm preparations avail- 
able on the market were amorphous and no claim was made for chemical 
punty However, with the rapid advance of the technology of the pro- 
duction of pemcilhn, crystalhne preparations became readily available 
Unfortunately, crystallimty m itself does not guarantee punty and a method 
of dete rminin g the punty of such preparations was needed Although the 
determination of the punty of a given preparation is fundamentally part of 
the problem of separation and identification, greater experimental precision 
and a wider expenence with the particular type of compound m question 
are generally reqmred The present paper will report our further expen- 
ence along this hne 

Of primary importance m the apphcation of the method of counter- 
current distnbution to the problem of the punty of any preparation is the 
demonstration that a suitable system can be found m which the compound 
of mterest will be partitioned ideally or nearly so o\ er a practical concen- 
tration range The value of the partition ratio should come inthm the 
optimum range, t e near 1 Such a system must furnish an emnronment 
in which the compound is stable, at least for a penod of several hours time 
The sj'stem must separate mto its two layers readily and should offer con- 
ditions for precise analytical determination of the compound at the end of 
the distribution Whether or not these conditions can be met can onl 3 be 
fully answered by the achievement of a distnbution curve (2, 3) which is in 
agreement nithin the exTienmental error with the theoretical distnbution 
calculated bj’’ means of the binomial expansion 

This latter had not been accomplished at the time of our pre^^ous pubh- 
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cation (1) although the tyjic of (hnialion fiom the Ikinoulh (hstnhution 
obseiTod eailiei stiongb' inclicalcd tliat it wns due lo imjniiilics present in 
the cij^stalhnc picpaialions at hand Vcij shoilh theicafloi, e‘-‘-catiaIl} 
peifect expeiimcntal dislnhutions A\eie olilained on a (i^stalhnc prepara 
tion of benz 3 dpcnicillin nluch u<ts kindly sii])])Jied <o us bi (ho Commercial 
Solvents Coipoiation This deinonstiated ben end doubt that the dis 
crepancies encountcicd oaihci uck* <lue to impuiifies In Fig 1 is an 
example of a satisiaetoiy tMcn(-\-foui (lansfiM distnbution 111(11 a 500 mg 
sample of cij'^slallino bcnziliionicillm ' "I’lie pioieduio and the sistem 



Fig 1 Twenti’’ -five transfer distnbul ion of benz 3 JpcniciJhn 

diethyl ethei-2 m phosphate at pH 4 86 desciibed pieviously (1) iiere used 
for the distnbution Such a distnbution iias also obtained by ledistiibii- 
tion of ceitain selected fi actions fiom the piehmmaiy distnbution of a 
shghtly impure sample 

Although the peniciUms aie Imown to be labile compounds, especially m 
aqueous solution, no tiansfoimation of the penicillin dunng the distnbution 
at 5-6° was indicated by the lesults shoivn in Fig 1 Howevei, for distri- 
butions requiring gieatei time it would be desirable to study the stability 
of pemciUins undei the conditions of the distribution Since many of the 
transformations undergone by penicillin aie accompanied by changes in the 

' This distribution w as made with the assistance of Dr George H Hogeboom 
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ultraviolet absorption spectra, this propertj was used to measure trans- 
formation rather tlian the more fundamental but less preciselj determinable 
property of biological activity 

Tor the purpose a sample of benzylpemcilhn of known evtmction at 
wave-lengths 260 and 320 m/t was equihbrated at the temperature of the 
cold room (5-6°) with equal volumes of the two phases The extmction 
values m the ether layer were then measured The followmg day the 
extmction values were rechecked ivithout equihbration When Sj’’stem 3 
Table I, was used, an appreciable change had not occurred The tv o phases 
were then equihbrated and the extmctions remeasured A small mcrease 
at 260 m/i was recorded but much more was shown at 320 Agam the 


Table I 


Systems Studied 


System 

No 

Organic soUent ! 

Phosphate buffer 

i 

^of benj>l 
pcninUm 
(G) 

JCof At. 
pentenj I- 
ptnicillin 

(D 

Ratio fl 

1 

Ethyl acetate 

1 M, pH 5 12 

1 24 

1 05 

1 18 

2 

“ ether 

, 3 “ “ 4 60 

5 20 

8 9 

1 71 

3 

i( tt 1 

, 1 

; 3 “ “ 4 93 

2 54 

4 00 

1 57 

4 

Chloroform 

2 “ “ 4 85 

1 32 

0 93 

1 42 

5 

Furan 

3 “ “ 4 93 

0 34 

0 50 

1 47 

6 

Ethjl ether 

2 “ “ 4 85 

0 75 

1 18 

1 57 

7 

1 1 ethjl and isopropjl 
ethers 

3 " “4 93 

0 96 

1 

1 72 

1 SO 

8 

Isoprop\I ether 

3 “ “4 93 

0 34 

0 68 

1 97 

9 

(( (( 

3 “ “ 4 93 

0 26* 

0 61* 

2 3 


* Determined at 25° 


solutions were allowed to stand until the next daj and measurements made 
A further shift was obtamed but only after equihbration Further pro- 
gressive shifts occurred on succeeding daj s 

From these experiments it vas apparent that a slow transformation of 
the penicillin was occumng m the buffer phase but apparentlj- not in the 
ether phase The free acid has been shown elsewhere (4) to lie relatneh 
stable in certain organic sol\ent‘5 Other experiments in this laboraton 
ha\ e also supported tins xuew 

A shift of extinction coefficient gi\cs no quantitatue estimation of the 
true amount of transformation occurring unless the extinction coefficient 
of the transformation product is known The extmction coefficients of the 
transformation products could be extromeh lugh and the xalue measured 
might thus represent onb a ■small fraction of the ongmal sample m terms 
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of ^\elglli FoiLuiiiilcly, (Ins appciiis (o he tlio cnsc foi bc'n/\lpenicillin, 
since the total iccovciy m teiins of woiglit in llio mam band of Fig 1 i\as 
within the c\])onmcnlal oiioi, i ( ah u pci ccnl Lo-^s of biological actu 
ity could not be detected dining such a distiibution 

In distiibutions lequning an c\lcndcd time, transfonnation might be 
evpected to icach a percentage huge enough to bo delected by the cune 
A 99 tiansfer urn which lequiicd ai)pio\imatelv 3-fold (he time did show 
significant amounts of transfoimalion pioducls or peihaps of impurity 



No ol" tube 

Fig 2 99 transfer distributions □, bcnzylpenicillin alone, O, bcnzjlpeni- 
cilhn -t- A^-pentenylpenicillin, ®, calculated curve 

Such a distiibution is shoivn in Cuiwe A, Fig 2 Tlic calculated curve is 
Cuive C The system was slightly diffeient fiom that used for Fig 1 m 
that 3 M buffei at pH 4 6 Avas used 99 tiansfers were applied by the single 
withdrawal proceduie (5) This was done by withdrawing the contents of 
Tube 24/0 when upper 0 has i cached lowei 24, and replacing it with fresh 
phase After the next equilibration Tube 24/1 was withdiawn, on the 
next step Tube 24/2 ivas withdraivn, etc The tubes ivithdiawii w^ere fiom 
the slow>- moving side of the opeiation, up to Tube 74, Fig 2, smee in this 
system the peniciUin greatly favors the ether phase The small percentage 
of material in Tubes 93 to 99 had a much higher extinction coefficient and 
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probably represented a transformation product, although it could con- 
ceivably represent impunty 

Studies made at 25° showed a much greater rate of transformation, both 
m the case of individual equihbrations and for actual distnbutions Thus 
the pemcilhns probablj^ cannot ever be regarded as bemg compleiely stable 
substances when they are m contact with aqueous solutions The rate of 
transformation durmg a distnbution cannot be entirely ehmmated but can 
be reduced until it becomes insignificant from the standpomt of the calcula- 
tions This was accomplished m the distnbution of Fig 1 It should be 
made clear that when transformation does occur it can be recognized, as 



0 2 4 6 8 10 12 14 16 18 20 22 24 

1^0 of tube 


Fio 3 Twenty-five transfer distnbution of A’-pcntenjlpenioillin O, evpen- 
mental, •, calculated 

has been shoivn (1) Redistnbution of the matenal in the tubes which do 
not show divergence should give a cun e with no di\ ergence from the calcu- 
lated This has been done with a sample of benzj IpemciUm 
Other pemciUm species show a different rate of transformation from 
ben 2 rylpenicillin The best distnbution pattern we hate obtamed thus far 
for A--pentenylpenicilhn is shown m Fig 3 The sj-stem and procedure 
w ere the same as those emploj ed m Fig 1 The weight of matenal shown 
in Tubes 0 to G and m Tubes 20 to 24 must be due either to impunty or to 
transformation The reco\ eiy represented bj' the mam band, Tub^ 7 to 
19, is the cqm% alcnt of 90 per cent 

Distnbutions made at room temperature ha\ e not thus far permitted as 
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high lecoveiiGb ns those iniulo in the told loom A leprcscntativc tlislribu 
tion made on a mixtuio n( 21° is (>\collc!it foi (oinparison This distnbu 
tion, Fig 4 , i\as made m a 51 tiihc' dislnbnliun appaialiis in the system 
isopiopyl ethoi-3 m phosphate, pll I 93 (Sjsteni {), Table J) 71 mg of 
sodium benz 3 dponieillin and 60 mg of sodium A--pentcny Iponicilhn were 
taken initially Each tube of the machine contained 9 7 cc of the phos 
phate phase and 17 cc of the isopiop 3 l ethei phase The iccmciy of 
benzjdpenicilhn calculated fiom the Iheoielual cm\e (No 1) was 92 per 
cent, wdiile that of A*-pentcnyIpenitilhn ((’m\e 2) was S2 per cent It 
W'ould appeal hkelj that the diveigences fiom the theoietical wcremostlj 



Fig 4 71 transfer distribution of a mixture of benzjlpenicillin and A--poDtenil 
penicillin O, weight, □, extinction at 260 ni^, O, calculated 

due to transformation and that the A--pentenyl species is a less stable peni- 
cillin The lecoveiies calculated from Figs 1 and 3 were 98 and 90 per 
cent respectively (6-6°) 

There has been oppoitunity to redistribute samples of crj^stalline peni- 
ciUms after they had been stored as the sodium salts in the cold room for a 
period of a yeai No evidence of transfoi-mation was obtained, except wnth 
one sample of so called n-heptylpenicillm This gave a different distiibu- 
tion pattern and w^as obviously undei going piogiessive change How evei, 
the oiigmal pattern had already indicated it to be a mexture A second 
sample of so called n-heptylpemcilhn did not show' such a change 
Since the pemcillms are mherently unstable substances, it is of inteiest 
to shorten the time required for distribution to a mmimum This could 
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be done by determining the minimum shakmg time required m order to 
reach equihbnum and by transferrmg the phases immediatel}' after then- 
separation The latter is now made possible by the new models of the 
distnbution apparatus which are currentl3' m operation- The top and 
bottom ends of each tube of these machmes are constructed from plate glass 
The contents of each tube become nsible when the layers have separated 
and this frequently' shortens the total time of equihbnum, smce no extra 
tune need be allowed m order to msure the separation of the layers The 3 
mmutes setthng tune formerly allowed empmcally for each eqmhbration 
may be reduced to 1 mmute or less 

The actual number of mversions reqmred for equihbnum to be reached 
has been made the subject of a careful study It has proved to be of suffi- 
cient mterest to the distnbution method and to extraction itself to justify' 
a separate contnbution (6) on the subject Obviously complete equihbnum 
must be reached at each stage if an experimental cim'e is to agree with a 
calculated curve 

The problem of emulsification has been an annoymg difficulty m the 
apphcation of the distnbution method to the pemciLlins smce the very 
beginmng The pemcilhns are apparently surface-active and are capable 
of forming stable emulsions In distnbution work stable emulsions are to 
be avoided, smce too great a time is requued at each stage for the separation 
of the layers Aside from this objection complete equihbnum is reached 
at each stage only with difficulty When a transfer is made before the 
layers ha\e separated completely, the relative i olumes m each of the tubes 
become disturbed and, vhile fractionation is still possible, it is not as effi- 
cient as otherwise and calculated curves cannot be fitted properly 

A completely satisfactory method of overcoming the formation of trouble- 
some emulsions has not as yet been found Howei er, certam changes have 
greatly reduced the tendency- and it is possible that the addition of small 
amounts of surface-acti\ e agents of another ty-pe might help In general, 
concentrated phosphate buffers of pH near 5 0 ha^ e not been troublesome, 
except m certam cases vith isopropyl ether when a higher concentration 
of pemcillm v as employ ed Buffers tned with higher pH could not be used 
because of the tendency- to emulsify- Ethyl ether has gi\ en sy-stems vhich 
separated the most rapidly In some cases m vhich trouble was encoun- 
tered it was 01 etcome by increasing the \ olume of the uppier phase On 
the other liand, vhen an attempt v as made to use a volume of the lower 
phase greater tlian that of the upper, emulsification usually occurred In 
certain cases the agent vliich caused the emulsion vas not the penicilhn 
and could be eliminated by a single prelimmary- extraction For this pur- 

■ Post, O , nnd Cmip, L C , to he published 
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pose, a solution of the penicillin in the louci phase wns aciclificchvithphos 
phone acid and c\ti acted by the upper pha^^c to be used in Tube 0 of the 
distribution 

Because of the emulsification difficultj most disliibutions \\crc begun m 
individual glass tubes vhich could be placed in the centrifuge if ncccssarj' 
Several tiansfcis wcie made individuall) in these tubes, thereby grcatlj 
redueing the amount of penicillin in any gnen tube When a separation 
time of 3 minutes was leached, the contents of each tube vcrc then trans 
ferred to the coiiesponding tube of the machine (after shifting the upper 
part of the maclune the required numbei of 1 ransfers) The remainder of 
the distribution vas then accomplished in the usual manner 
The achievement of a perfect cui^m in a part icular system for any given 
sample of a compound is unequivocal evidence for the absence of any other 
chemical individual, at least above a certain limiting percentage, except for 
the case of a chemical individual xvith an identical or very similar partition 
ratio It can be calculated fiom suitable h 5 'pothctical cuncs that agree- 
ment between the e\-penmcntal and calculated x alucs, such as that of Fig 
1, IS sufficient to eliminate anything above a few per cent vhich has a parti- 
tion ratio greater than 1 4 or less than 1/14 times the ratio of that of the 
penicillm of interest In older to detect such a possible impurity or at least 
to reduce greatly the probability that it is pi c'^ent, tv o approaches are at 
hand 

One mvolves the application of higher numbers of transfers and the other 
mvolves the discovery of an entirely different and more selective system for 
the distribution The first simpl}'- reduces the limits of the partition ratio 
which an impurity might have and yet escape detection On the other 
hand, the effect of the second approach cannot be predicted so precisely 
but will be a matter of experience The use of both approaches in conjunc- 
tion with each other is particularly important, as the following results vill 
show 

The effect of higher numbers of transfers can be appreciated best by a 
consideration of hypothetical mixtures Fig 5 show s the effect to be ex- 
pected with twenty-four transfeis and equal volumes of the phases from a 
mixture of 90 per cent Compound A, Zf = 1, and 10 per cent Compound B, 
4 The sum of Curves A -f B gives Cuiwe C 
If this mixtuie had been encountered as an unknown. Curve C x\ ould have 
been determined as a weight curve An aliquot should have been so 
selected for the determmation of weight that the v eight of residue in the 
maximum tube would be at least 100-fold that of the error in weiglnng 
Then a theoretical curve (2) would have been fitted, in this case Curve D 
Although the divergence of Curve C from Cunm D appears slight at first 
glance, it is appreciable At Tube 17 the deteimmed weight is 2 6 mg , 
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•while the theoretical is 1 9 mg , a difference of 0 6 mg The error m ■weigh- 
ing could be ±0 1 mg Thus the divergence would be 6-fold the expen- 
mental error Such a divergence would also be supported b3’' the divergence 
at Tubes 16 and 18 

If this same mixture is subjected to 100 transfers, a much clearer picture 
IS obtamed, as shoira m Pig 6 Here the two bands are far enough sepa- 
rated so that nearly half the curve of Compound A on the left side is essenti- 



0 J 4 B e 10 iz 14 16 18 20 22 24 
Na of tube. 


Fig 5 Hypothetical twentj five transfer distribution of a mixture of Compounds 
A and B, Curve C = sum of Curves A and B, CurveD = calculated curvematchod 
nith Curve C 

ally pure and it is therefore available for the fitting of a theoretical cun e 
The theoretical cun e now coincides w ith Cun e A and the difference be- 
twecn this cune and the one which vtould be expenmcntalK' determined, 
Curve C, would giv^e Cune B It is plain that for these partition ratios, 
1 per cent of Compound B m Compound A could be detected 
It IS now mstructiv e to consider a mixture of substances whose partition 
ratios arc closer together Such a mixture could be one containing 90 per 
cent of Compound A with the partition ratio of 1 and 10 per cent of Com- 
pound B with the partition ratio of 1 2 Twenty -four transfers obv lotisly 




230 


msrnnnmoN ‘^Tunii s mi 


would not be sulficicnt to sliow the prc^eiue of llie inixluie if ueights only 
weie used foi the deteiinination of the cuim' lIoue\ei, JOO Irnnsferson 
the hypothetical mi\tuio of Compounds A and B would give the picture 
shown in Fig 7 Cuiv'c D is the tlieoietieal euivm 

Of the laiown penicillin ‘'peeics, A"-pentenj Ipcnieilhn is the one which 
shows a partition latiomosi eloselv iclated to hcnzvlpenicilhn Therefore 
a study of the partition ratios foi these two species in a number of systems 
should be veiy’’ informative in showing the etTeit of (hanging the system 



No of tube 


Fig 6 Hypothetical 100 transfer distribution of a mi\(urc of Compounds A and 
B, Curve C = sum of Curves A and B 


The partition ratios given m Table I weie mostly calculated (2) from actual 
distributions but also were in agreement with, mdivadual deteimmations 
Except in one case the tempeiatuie w^as 5° ± 1° A convenient numer- 
ical measure of the ease of separation of the tw’-o panicillms or of detecting 
one in the piesence of the othei is the latio of the paitition ratios shown m 
the last column and called j3 by prevuous woikeis (7) usmg extraction foi 
fractionation purposes 

Synthetic mixtures of benzylpeniciUin and A--penteiiylpenicillm hav'e 
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been studied m se\ eral of the systems given in Table I These included 
Systems 3, 6, 7, and 9 The result obtamed v ith System 2 is given by 
Curve B m Fig 2 and that "mth System 9 is shorvn m Fig 4 
The mterestmg conclusion to be drawn from Table I is that the ^ values 
are m each case^shifted by the change m the system This shift is not of 
large magmtude, in accord with the expenence of others (7, 8) for closely 
related substances Irrespective of this, the practical problem of punty 



No of tube 

1 IG 7 H 3 'pothetical 100 transfer distribution of a mixture of Compounds A and 
B, Curve C = sum of Curves V and B, Curve D = calculated curve matcbed with 
Curve C 

of the penicillin group of compounds now resoh ex itself into the application 
of a sufficient number of transfers together w ith adequate anah-tical pre- 
cision so that the limiting p \alue which would permit a mucture to escape 
detection is small as compared to the jS t alues shown m Table I 
It can be deduced from Fig 5 that a few per cent of an impurity wnth a 
P \ aluo of 1 4 would escape detection with twent\-four transfers if the ana- 
l's lieal method included weight onb Sunilarlv, the limiting p ralue for 
100 tran=;fcrs (Fig G) would lie 1 2 Hower er, a largo amount of impuntv 
could be detected at jS \ alues of 1 2 and 1 1 respectn el\ In applving =iich 
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leasonmg to the piccisc intcipicl'ition of llie disfnbutions obtiunccl \’rith 
penicillins it must not be foi gotten that the jienu illins me basically unstable 
and that small deviations might jiossibl^ be due 1o dccomjiosition, particu 
laily in the case of the longci iiins 

In the case of Figs 5 and 7 the sensitnil}^ of the method is decreased 
because of the inability to place the theoretical cui vc coirectly when v eight 
only IS used to determine the actual cxpeiimcnlal cunc IIo\\c\cr, if a 
method of anal 3 '^sis specific foi Compound A onlj'^ m contrast to Compound 
B 01 vice veisa, such as biological *msay, mfia-icd absorption, etc, is at 
hand, the procedure then becomes much moic sensitno and hero again 
would permit limiting /3 values of 1 2 and 1 1 for tuentj'-four and 100 
transfers respectively and jmt pcimit detection of a few per cent of the one 
constituent 

It would appear likely that isopropjd cthci 'buffer is the best system for 
studymg the purity of bcnz 3 dpcnicilhn and of A‘-penten 3 ']penicillin as far 


Tadce II 

Compostlton of Buffers 


Buffer 

NnHtTOi II-O 

K.uroi 

LiOH 



sm 

tn 

tm 

1m, 

pH 6 12 

124 

17 4 


2“ 

“ 4 85 

248 

34 8 


3" 

“ 4 60 

372 

52 2 


3“ 

“ 4 93 

372 

52 2 

7 2 


as /3 values are concerned However, ]sopiop 3 d ether has the disadvantage 
that benzylpemciUin is of limited solubility at 5° and the system can there- 
fore be overloaded easily Difficulty wiU be encountered if more than 5 
or 6 mg of benzylpeniciUm per cc of isopropyl ether are employed at the 
start of the distribution Fortunately a method is at hand for partially 
overcoming this difficulty The solute can be placed in several adjommg 
tubes at the start mstead of only one, and thus moie material can be distiib- 
uted without overloading either the solvent or the buffer 
This technical point has not been tieated as yet in our published woik 
but will be discussed m full m a forthcoming paper However, it might 
be stated heie that for higher nurabeis of transfers the distribution could 
be begun by scattering the solute equally among several adjoining tubes 
If the numbei of tubes does not exceed more than 5 per cent of the number 
of transfeis applied, then the bioadening effect on the final curve is small 
Thus for 100 tiansfers, the solute could be placed in up to five of the tubes 
imtialb'' Without appreciable loss of efficiency Distributions mvolving 
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higher numbers of transfers should always be made with proportionately 
more of the solute 

The buffers used m this mvestigation had the composition m gm per 
hter given m Table II 

The authors wish to express their thanks to Dr Vmcent du Vigneaud 
and Dr Fredenck H Carpenter for their mterest and helpful suggestions 
dunng the course of this work 


SUMMARY 

In connection with punty mvestigations of pemcdhns a study has been 
made of the procedure and conditions required m order to obtam expen- 
mentaUy a “calculated” distnbution by the counter-current distnbution 
technique This has involved a study of the stabihtj^ of the i anous pern- 
cilhns m many different systems The limitations of the method m con- 
nection with the effect of higher numbers of transfers and the effect of more 
selective systems have been mvestigated 
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SOME PROPERTIES OF AN UNIDENTIFIED GROI\T'H 
FACTOR IN DISTILLERS’ DRIED SOLUBLES* 

By A F NOVAKt S M HAUGE 

{From the Deparlmenl oj AgncuUural Chemistry, Purdue Unncrsily 
Agricultural Experiment Station, Lafayette) 

(Received for publication, February 16, 1948) 

Prevnous investigations (1) have shown the presence of an unidentihed 
grondh factor in distillers’ dned solubles which is essential for the chick 
The factor was shown to be distinct from the known membeis of vntamin B 
complex, strepogenm, and the cow manure factor The object of this in- 
vestigation was to ascertain v\ hether this factor is essential for the grow th 
of rats and to determine properties which might aid m its I'^olation and in 
its differentiation from other postulated growth factors 

ETtPERUIEXTAL 

In prelimmary experiments designed to formulate rations w hich w ould lie 
satisfactorj’’ for measunng unidentified growth factors with rats, it was 
found that neither casein extracted mth ethanol nor commercial “ntamm- 
free” casern was satisfactory as a source of protein because of the presence 
of these factors 

Casein was purified m the followmg manner Ethanol-extracted casein 
was slowly dissolved m a large quantity of water by the addition of 0 1 x 
sodium hydroxide to pH 7 2 wnth constant agtation wath a pow erful motor 
stirrer The casein w as coagulated wath hy'drochlonc acid at pH 4 G The 
supernatant hquid w as wathdrawm and the precipitate w ashed by resii^pen- 
sion m successive large quantities of water Tlus procedure was repeated 
several times The purihed casein w as then dehy drated wath methyl al- 
cohol and acetone, dned, and ground 

A basal ration of the followang composition was found satisfactory puri- 
fied casein 18 per cent, dextnn 69 5 per cent, McCollum’s Salt Mixture No 
185 (2) 4 per cent, Cellu flour 2 per cent, hv drogenated cottonseed oil 5 per 
cent, cod liver oil 1 per cent, sulfaguanidine or sucemy Fulfathiazole 0 5 per 
cent, and, for each 100 gm of the basal ration, a vatamm supplement con- 
sisting of nboflavan 3 mg , thiamine 3 mg , inositol 20 mg , ni icin 3 mg , 

•Journal Paper No 338 of the Purdue Univcrsitv -tcncultunil r\pennicnt 
Station 

This investigation was supported in part bv a grant from Joseph L ‘Vagram and 
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pyridoxme 5 mg , choline 100 mg , biolin 0 01 mg , folic acid (Lcderlc) 001 
mg , calcium paniothcnale 0 5 mg , yi-ammohon/oic acid 5 mg , and 2 
methylnaphthoqumone 0 5 mg To mmimi/c llic possible effect of bio 
genesis by miciooiganisms, a sulfonamide uas added to the basal ration 
This basal latioii uas used m all of the following expeiiments except those 
repoited in Table I, m wdiicli folic acid was not included because it was not 
available at that time 

All additions to the basal lation were substituted for equiialent weights 

TAnnn I 


Biological Tests for Umdcnltficd Growth I actor in Distillers' Dried 
Solubles and Extracts 


Senes No 

Additions to bsssl ration* 

Aveme Esin per 
wk t 

I 

None 

tn 

19 1 


Distillers’ dned solubles 

30 3 

II 

None 

IS 9 


Extracts of solubles, autoclaved pll 12 

30 9 


(( CC <1 41 It ^ 

31 8 


If 41 <4 44 It 2 

32 1 

III 

None 

18 4 


Distillers’ dried solubles 

31 3 


Extracts of solubles, ether, Extraction 1 

26 2 


“ " “ acetone, “ 2 

18 3 


“ “ » methanol, » 3 

18 2 


“ " “ ethanol, » 4 

23 3 


" " “ residue 

24 2 

i 


* Extracts added in amounts equivalent to 5 per cent of solubles 
t Ten rats per lot Least significant difference, 5 per cent level 2 4 gm , 1 per cent 
level 3 1 gm 


of dextrin Each biological test w^as performed with eight or ten rats 
equally divided accoidmg to sex The test period w^as 3 wrecks 
The growth responses shoivn in Table I, Series I, indicate that the basal 
ration was suflSciently deficient m unidentified growth factors to test for 
these substances The response wuth the addition of distillers’ dned solu- 
bles showed that this product contained an unidentified growth factor w'hicli 
stimulated growdh above that obtained with a ration containmg the 
identified vitamms of the B complex 

Since the known members of vitamin B complex aie soluble in water, 
attempts were made to extract this factoi with water at widely different pH 
values and determme the stability undei these various conditions The 
distillers’ dried solubles were extracted m acid, alkaline, and neutral solu- 
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tions under 15 pounds steam pressure for 1 horn’ The extracts n ere filtered 
and aliquots equivalent to 5 per cent of the solubles vere added to the 
rations and tested (Table I, Senes II) It is apparent that all of these 
extracts contamed the unidentified factor and that this factor is heat-stable 
at widely different pH values 

The possibihty that this factor could be extracted with less extraneous 
matter by other solvents than water was mvestigated Solubles were first 
extracted with ether m a Soxhlet extractor followed by subsequent extrac- 
tions with acetone, methanol, and ethanol for 24 hour penods The re- 
spective extracts were concentrated and equivalent amounts of each were 
assayed (Table I, Senes HI) The factor was partially extracted by ethyl 
ether Acetone and methanol failed to remove any of the factor remainmg 
m the residue, while ethanol removed part of it Consequently, the direct 
extraction of the umdentified factor from solubles with orgamc solvents was 
abandoned 

Some of the chemical and physical properties of this growth factor were 
studied (Table II) Solubles were extracted mth 0 1 n hydrochlonc acid 
under 15 pounds steam pressure for 30 minutes The extract was filtered 
and concentrated, the pH adjusted to neutral, treated with kaohn to remove 
part of the orgamc impunties, and then passed through a column of fullers’ 
earth The filtrate contamed the active pnnciple The solution was 
treated with phosphotungstic acid in 2 5 per cent hydrochlonc acid A pre- 
cipitate M as formed which was filtered off and dissolved m an alkalme solu- 
tion, and the phosphotungstic acid removed as the banum salt The fil- 
trate (Fraction F-5) from the mitial phosphotungstic acid precipitation 
f uled to stimulate growth and iias therefore discarded Fraction F-4 pre- 
cipitated bj the phosphotungstic acid contamed the factor 

A portion of this active fraction was adjusted to pH 7 A solution of 
basic lead acetate n as added, and the mixture stirred vigorously for 10 mm- 
utes The resulting precipitatewas collected and v ashed by centrifugation 
The lead acetate precipitate m as decomposed mth ammomum sulfate The 
solution vas boiled for 20 minutes, cooled, and filtered To remo\e anj 
remaining traces of lead m the solutions, both solutions vere treated mth 
hydrogen sulfide, filtered, and concentrated As=ajs of both solutions 
showed that the factor was precipitated bj lead acetate (Traction F-7), but 
could be onlj partially recot ered (Fraction F-G) 

-Hiquots of the fraction obtained from the phosphotungstic acid precipi- 
tation (Fraction F-4) were adjusted to tanous pH \alues and passed 
through Tsw ett columns made up of the following adsorbents Darco G-GO, 
Flonsil, Llojd’s reagent, nont, Decalso, and fullers’ earth The filtrates, 
m amounts eqmtalent to 10 per cent of the solubles, were assated for the 
presence of the growth stimulant 
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The active hubslancc was not atlsoihed on fnllei-’ eartli and there was 
onlyashglit adsoiption on Diino JIouck'j, t lie grow th-stiimilatiiig mate 
iial was adsoibcd from acid solution on ]''loiisil, Jdojd’s reagent, norit, and 
Dccalso 


Ta 1)1.1 II 

SoiiK Chimical and Pliihiral l^rojirrtia i>f 1/ atih ntijn d droirlh I aclor 


I faction No | 

AtMiliotiH to li mil ntion* 

iA>cnrc pcfwt I 

1 

) 




None 

19 0 

1 1 

Extract of solubles (0 1 x IlCl) 

i 29 3 

F 2 

F-1, treated with kaolin 

! 30 1 

F-d 

F 2, through column of fulh rn’ earth 

27 0 

FA 

F-3, pptd b3 phospliotiingstic acid 

* 28 2 

F-5 

F 3, pliospliotungstic acid filtrate 

20 5 

F C 

F-4, pptd bv lead acetate 

23 7 

F-7 

F-4, lead acetate filtrate 

20 5 

F 8 

F-4, through column of 



Darco, pH 3 

25 6 


“ “55 

24 9 

1 

“ “85 

25 S 


Florisil, pH 1 5 

23 8 


“ “55 

20 7 


“ “85 

28 1 


Lloyd’s reagent, pll 1 

21 5 


“““55 

27 0 


“ “ “85 

25 2 


1 Nont \, pH 1 

20 2 


1 “ “ “55 

19 3 


I “““85 

24 6 


j Decalso, “ 1 

22 7 


j “ “55 

26 2 


j “ “85 

27 3 


1 Fullers’ earth, pH 1 

26 0 


{ “ “ “55 

28 2 


! “ “ “85 

27 0 

I'-q 

j Dialysate of F-1 

24 5 


* Extracts of Fractions F-1 and F q were added in amounts equivalent to 5 per cent 
solubles, othei extracts were added in amounts equivalent to 10 per cent solubles 
t Eight rats per lot Least significant difference, 5 per cent level 1 8 gm , 1 per 
cent level 2 4 gm 

DISCUSSION 

In a pievious paper (1), it has been shown that distilleis’ diied solubles 
contain an unidentified giowth factor wduch is essential foi chicks It has 
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now been shoWTi that this pioduct contains a factor which is essential for the 
rat They are probably identical 

The factor is distinct from all the known ntamins of the B complex w hich 
were added to the lations m amounts exceedmg the nutntional require- 
ments Since the vitamin supplement included sjmthetic folic acid (Led- 
erle), it is probably distinct from all the factors which recenth baxe been 
shown to be related to or identical wnth folic acid (3) It is furthei diffeien- 
tiated from these factors bj' its stabihty to heat at -wideh different pH 
■values, its non-adsorbabihty on fullers’ earth, and its solubiht 3 m ether and 
ethanol (4-7) The solubiht}* of this factor in ether also distinguishes it 
from the cow manure factor w hich is msoluble m ether (8) It is unlikeh 
that this factor is strepogemn because strepogemn is present in commercial 
casein (9) and m punfied casein (10) The limited information regarding 
the properties of factor X of Carj’’ et dl (11) makes it impossible to attempt 
a differentiation at this time 


SUMMAiri 

E'vidence has been presented •which shows that distillers’ dned solubles 
contam a factor essential for the growth of the rat This factor is stable to 
heat, acid, and alkah It is soluble m ether, ethanol, and water at widely 
different pH values It is precipitated by phosphotungstic acid and lead 
acetate It is not adsorbed on fullers’ earth or Darco, but is adsorbed from 
acid solution on Flonsil, Lloyd’s reagent, nont, and Decalso 
The factor is distmct from 'vntamm A, \ntamm D, thiamine, nboflav in, 
pantothenic acid, macm, mositol, p-ammobenzoic acid, choline, 2-methyl- 
naphthoqumone, pyndoxine, biotin, and fohc acid Endence has been 
presented which mdicates that this factor is also distmct from a number of 
other postulated grow th factors 
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THE MICROBIAL GROWTH INHIBITION PRODUCED BY 
OPTICAL ISOMERS OF /3-2-THIENyLALANINE* 

Br jMARTHA F FERGER akd VINCENT d ^^GNEAI^D 

(From the Department of Biochemistry, Cornell University Medical College, 

New York City) 

(Received for publication, Februarj 2, 1948) 

It has already been shotm that j3-2-thienjd-DL-alanine inhibits the 
growth of Saccharotnyces cerevtsiae (1), Escherichia coh (2, 3), Slreptococcas 
faecahs (3), and Lactobacillus arabinosus (3), and that the inhibition can in 
all cases be reversed by the addition of phenylalanine to the medium (1-3) 
In the present mvestigation the work has been extended to determme 
whether the “antiphenylalanme” effect of thienylalanine is possessed by 
both of its optical isomers 

The isomers of thienylalanme were prepared by resolution of the brucme 
salt of the N-formyltluenyl-DL-alamne They were tested for their abil- 
ity to inhibit the growth of Saccharomyces cerevisiae and Escherichia coh 
With both orgamsms it was observed that the n isomer possesses no ap- 
preciable inhibitory activity, while the l isomer has exactly double the m- 
hibitory power of thienyl-nn-alamne 

Smce the two orgamsms mentioned above do not require phenjialanme 
m the medium for growth, it seemed desirable to test the thienjlalamne 
isomers against an orgamsm which does require phenjlalanme For this 
purpose Lactobacillus delbrucchii LD5, nhichis able to use only ir-phenyl- 
alamne for gro'wth purposes (4), was selected In the presence of an 
arbitrary amoimt of nn-phenj lalamne thienj l-n-alamne had no activitj’’, 
nhereas thienyl-L-alanme and thienyl-nn-alamne showed inhibitory activ- 
ities in the ratio 2 1 on a weight basis * 

For each of the three orgamsms, the same amount of nn-phenj lalamne 
\\ as reqmred to reverse the inhibition produced either bj a given amount 
of tliienyl-L-alamne or by twice as much of the nn compound 

• The authors u ish to express their appreciation to the Lederle Laboratories Di- 
\ ision, American Cj anamid Compan> , for a research grant that has aided greatly in 
this u ork 

* It IS interesting to note that d cthionine inhibits the growth of a strain of Lac- 
tobacillus fermentum which is able to use either n- or i.-mclhioninc for growth pur- 
poses ApproximatcU three times as much n-cthionine as nn-ethionine is required to 
produce the same amount of inhibition (unpublished data) 
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nXI’l.UlMLNTAh 

N-Fo) 7niflt}ncnyl-iih-alatww — 'J’hioinl-Dii-alaninc Mas formylatccl by the 
method of Clnikc, as desciihcd In du Vjgacfuul and Mover (5) Tlie 
piodiict was olitnmod m 95 poi oont viold, m p IT.'f-JTO*" 

(’sIUXOS Calnilninl \ 7 0 5, S 1() O') 

100 2 I'oaml “ t. r.O, “ 1(. lo 

H("<olu(ion of Fo)myllli7(inil-i)h-alamnc—'rhc fonnylthicml-DL-alnniiie 
was losolved h\ means of Ihe him me sjiH ju eoidinp: lo tlie method nsedbj 
Fisehei and Sehocllci (G) foi foinnl-i)L-])lieny lalanme 20 gin of formjl 
thlcn^d-DIwdnnmc and 11 gm of diy brm me weie dis'jolvcd m 210 cc of 
boding anhvdious methanol 'J'hc salt of the n isomer precipitated when 
(lie solution was cooled, and (his mateiial was reciystalhrcd fiom 20iol 
limes of boding mcdianol 'J'hc piocluct, m p 127-129°, was obtained in 
an ovei-all yield of about 70 pei cent It had a lotation of [aje = —387° 
(0 2 pel cent solution m watci) 

The migmal metlianol filtinte was conecnlialed to drjmcss and the rca 
due was leciystallizcd fiom 120 cc of watei The yield of the salt of tlic 
Lisomei.mp 121-122°, was 74 pei cent, [a]p = —37 8° (1 1 per cent solu 
tion m pyi idine) 

The buicme salts w'cie conveitcd to foim\Ithicny l-n- and formjl- 
thicnjd-L-alanmc in yields of SO per cent oi more The products were 
reciTstalhzed fiom w'atei 

The foi-mylthienyl-D-alanmc melted at 174-175° and had a rotation of 
Wn = —76 7'° (1 pel cent solution m ethanol) 

CsHoNOjS Calculated X 7 03, S IG 00 
100 2 Found " G S2, “ IG 52 

The h isomei had a melting point identical with that of the n isomer, and 
the lotation of a 1 pei cent solution in ethanol was +77 7° 

Calculated, X 7 03 S 16 00, found, N G G7, S 16 2G 

ThienyJ-D- and -h-alamne — The isomeiic ammo acids were obtained in 80 
to 90 pel cent yield by hydiolysis of the foimyl deuvatives wnth 1 N HBi, 
as desciibed by du Vigneaud and Meyei (5) Foi analysis the products 
weie reciystalhzed fiom etlianol-w atei The thienyd-n-alamne decom- 
posed at 239-244° (8° per minute) and possessed a lotation of = 
+31 6° (1 per cent solution m wmtei) 

CrHgNOjS Calculated N 8 18, S 18 73 
171 2 Found ” 8 42, " 10 08 

2 A.11 melting points were determined on a calibrated micro melting point ap- 
paratus 
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The L isomer had a decomposition pomt of 239-244° (8° per mmute) 
and a rotation of [a]?,' = —31 7° (1 per cent solution m water) 

Calculated, X 8 18, S 18 78, found, X 8 M, S 18 94 

The thienylalanme isomers, as designated above, were obtamed by a 
senes of steps correspondmg exactly to those by which the known isomers 
of phenylalanme have been separated, and they had ph 3 'sical properties 
correspondmg closely to those of the phenylalanme isomers Hov ever, it 
V as thought desirable to obtam additional endence for the assignment of 
spatial configuration Lutz and Jirgensons have demonstrated that for 
1 ammo acids of the n configuration the optical rotation changes m a positive 
r direction with increasing acid concentration (7) The rotations of 1 per 
:] cent aqueous solutions of the thienyl-L-alamne containing 0 5, 1, 2, and 5 


Table 1 

jCJJccI of Thienijlalamne Isomers on Growth of Saccharomijccs cercvistac 


Thienyl DL-alanine 
per 7 cc 

1 Colonmeter 
reading* 

''Hiicnjl i>alaninej 
per 7 cc ^ 

1 

Colonmeter 1 
reading i 

Thien>l i> alanine 
per 7 cc 

Colonmeter 

reading 

y 1 


1 ^ 1 


y 



7 

1 50 1 

5 

800 

88 


11 


8 


89 


i W 


14 


83 


1 37 


33 


84 

15 1 

48 

7 5 1 

44 


8S 

10 

i 64 

5 

51 i 

1 

1 I 

1 

1 

0 

88 

! 0 1 

88 1 


1 


I I 


* lUett Summerson photoelectric colorimeter 

eqmvalents of HCl v ere —24 5°, — 18 5°, — 16 1°, and — 13 3°, respective^ 
This afforded confirmatorj' ondence that the compound tested had the l 
configuration 

Inhibition of Growth of Saccharomyccs cercinsiac, Flcischmann Strain 139 — 
The medium and procedure used m the jeast grovth eypenments v ere the 
same as those desenbed preLUOusIj (1) Yeast grovth vas measured 
turbidimctricallj with a Mett-Summerson photoelectnc colonmeter vith 
Filter 42 The inhibitory effects of the thienylalanme isomers arc sum- 
manzed m Table I It vill be noted that half as much thieny 1-L-alanme 
as thieny l-DL-alaninc \\ as required to produce the same amount of inhibi- 
tion Data showing the nullification of thienylalanme inhibition of yeast 
grow th by' DL-pheny lalanine are gi\ on m Table II 

Inhibition of Growth of Eschcnchia colt — ^The organism, procedure, and 
medium used in thece experiments ha%e been dc'cnbed prenoiisb (3) 
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isoMnns or /3-2-TinrN’iijALANiNE 


Data fiom typical inhibition and nullification experiments arc given in 
Tables III and IV As in tlic ease of xcasi, the same degree of inhibition 
IS achieved by a given amount of tfiicnji-L-alaninc ns by twice ns mucli 
thienjd -DL-al a nine 

Inhibition of Gioivlh of Lactobacillus dclbnicclu LDP — The mcdiumiised 

Taiiw ir 


Nullification by Phenylalanine of Thu nylalaninr Inhibition of Growth of 
Saccharomycr- crrrtiiiac 


DL Pbcnjlalaninc per 7 cc 

j rius 50 -y Uilcnyl l ahmne per 7 cc 

riin 100 7 tlucn>l Di^alanine ptr 
7cc 


Colotimclcr readme^* 

y 

1 

I 


800 

ss 

88 

000 

95 

93 

400 

98 

91 

300 

03 

90 

200 

7G 

78 

100 

15 

48 

50 

24 

27 

0 

12 

12 


* The control tubes containing no phenj latanmo or thicnilalaninc gave colo 
rimeter readings of 108 


Table III 


Effect of Thicnylalantnc Iwmcrs on Growth of Escherichia coh 


Thienyl dl ala 
nine per 6 cc 

Colorimeter 

reading 

Thienj 1 t alanine 
per 6 cc 

Colorimeter j 
reading 

Thienjt D alanine] 
per 6 cc | 

Colorimeter 

reading 

^ ; 


■■ 


■H 


3 

8 


7 


98 

2 5 

19 


IS 


99 


38 

1 0 

15 


99 

1 75 

CO 

0 ss 

60 

200 

96 

1 5 

76 

0 75 

78 

100 

96 

1 25 

85 

0 63 

86 

0 

100 

1 0 

91 

0 5 

89 




100 

0 

100 




for these experiments was that desciibed by Stokes, Gunness, Dwyer, and 
Casw^ell (4), with the exception that phenjdalanine and noi leucine w^ere 

’ American Type Culture Collection No 9595 Evidence has recently been pre- 
sented by Rogosa (8) and Dunn and coworkers (9) to show that this organism is a 
variety of Lactobacillus casei 
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omitted and pyndoxme hydroclilonde was substituted for pyndoxamuie 
The vitamms were all dissolved m one stock solution which was renewed at 
least once a month Also a stock solution was prepared containing most 
of the ammo acids with each m a concentration of 5 mg per cc 

Table IV - 


Nulhficalion by Phenylalanine of Thienylalanine Inhibition of Growth of 

Escherichia coli 


DvPhenylalanme per 6 cc. 

Plus S 7 thienyl Di^alanise per 6 cc. 

Flos 2.5 7 thienyl i alanine per 
! 6 cc. 

i 

Colonnieler readings* 

y 



100 

87 

87 

50 

82 

81 

20 

79 

81 

10 

77 

75 

5 

68 

68 

3 

60 

56 

2 

44 

60 

1 

40 

39 

0 5 

27 

27 

0 

15 

4 


* The control tubes containing no phenjlalanine or thienjlalanine gaic colo- 
rimeter readings of 87 to 89 


Table V 


Effect of Thienylalanine Isomers on Growth of Lactobacillus delbrueci ti 


Thicn>l DL'ala- 
nine per 6 cc 

Colorimeter 

reading 

Thienyl L-alanme 
per 6 cc. 

Colorimeter 

reading 

1 

ThienjI D-alanmc' 
per 6 cc. j 

Colonmtler 

reading 

7 

1 

1 

7 


7 


1200 

33 

600 

32 

5000 

112 

1000 

39 


41 

2500 

105 

COO 

56 

300 

58 

1000 

104 

400 

72 

200 

72 

500 

104 

300 

82 

150 

81 

0 

100 

200 

91 

100 

91 



100 

103 

50 

101 



0 

100 

0 

101 




The compounds to be tested Mere placed m IG X 125 mm Pitcx test- 
tubes m a total volume of 1 cc of Mater, and 5 cc of the aboie medium 
M ere added Cells from a 20 to 24 hour culture of the orgamsm, groMTi in 
the inoculum medium of McMahan and Snell (10), Mere centnfuged, 

















246 


ISOMDUS 01 ^-2-riULN~iJiAIiANlNL 


waslicd, and resuspended in 20 ce of saline 1 dioji of this saspension 
was used to inoculate each tube Gion 111 uas estimnlcd turbidimctncallj 
aftci incubation foi 10 houis at 37°, uilh a JClctt-Sunnnerson photoelcctnc 
coloumelci with Filtei 00 

40 7 of DL-phen3dalanuie ueie added to each of the tubes containing the 
amounts of tluenjdalamne noted in Table V In Iho absence of tlnenjl 
alanine tins amount of Dn-phcnjdalanme pioduced about 73 per cent of the 
maximum gtowth obtainable uith an optimal amount of phcnjlalamne 
The lesults indicate that, ns in the ease of the othei organisms, thicnjli- 
alanme and thion3d-i)L.-alanme show the same mbihitorj actnity on the 
basis of the amount of n isomei picscnl, whcieas thienyl-D-alamnc shows 
no activity 


bUMMAUA 

The lesolutiou of /3-2-thien3 l-OL-alanine has been described and tliccfiecl 
of the tw'o enantiomorphs on the growth of Sacchai oinyccs ccrcvisiac, 
Esc/ienc/m coh, and Lactobacillus dclbruccLn LD3 has been rcpoitcd The 
thienyl'L-alaumc caused mhihition of the giowth of each micioorgamsm 
which could be counteiactcd bv the addition of phcnjlalanine The d 
isomer had no inlubitorj’- actmty 

The authois are indebted to Di Julian R Rachclc and Miss Josephine 
E Tietzman of this laboiatoi\ for the microanalj tical work 
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STUDIES OK CHOLINESTERASE* 

V KINETICS OF THE ENZYME INHIBITION 


Bt DAVID NACmL^NSOHN, MORTEMER A ROTHENBERG, ant) 

EMILY A FELD 

(From the Deparlvient of Keurology, College of Phymcian^ and Surgeons, 
Columbia Umrersily, Kew Yorl) 

(Recei\ ed for publication, February 16, 1948) 

The investigations vhich follo-ned the discoverj’- of dusopropyl fluoro- 
phosphate (DFP) posed tvo distinct problems (1) whether the high 
toxicity of this compound must be attnbuted exclusivelj' to the reaction 
with chohnesterase, (2) whether chohnesterase actmt}' is essential for 
conduction 

Manj difficulties and apparent contradictions had to be overcome before 
the inseparable association of the toxic signs of DFP poisomng with the 
inhibition of chohnesterase became evident The abditj* to reverse the 
block of conduction m nerves exiiosed to DFP appeared incompatible with 
the irreversible inactivation of chohnesterase which nas assumed to be 
instantaneous It could, however, be shown that the irreversible in- 
activation of chohnesterase by DFP is a slow process dependent upon a 
number of controllable factors and, furthermore, that the mactivation of 
the enzyme is paralleled in o\ ery respect by the abohtion of the electncal 
activity of nerves (1-4) The observation that conduction is possible in 
complete absence of chohnesterase wms shown to be based on madequate 
techniques (5) It is true that m some nerv es as much as 90 per cent of 
the chohnesterase may be inactivated without impainng conduction, but 
this mdicates onlj that the enzjme maj* be present m excess (10 times) , 
the remammg 10 per cent is essential and cannot be inactivated without 
impamng conduction Tlie amount metabohzed bj this fraction is m the 
range to be expected on the basis of thermodxmamic data (6) The rela- 
tn elj high 'concentration of DFP required to block conduction in nen es 
ex-posed to tlie compound could be e'rplained bj the obseiwabon that onli 
a fraction of the DFP outside (less than 0 5 per cent) is found inside the 
nen e Much of the higlilj hpide-soluble compound is apparentlj retamed 
b\ the hpide membrane (i) Finally, it could be shown that the death 

* The work cle‘:cnbcd in this paper was done under contract between the Medical 
Dnision, Chemical Corps, United States Armj, and Columbia Uni%ersity Under 
the terms of this contract the Chemical Corps neither restricts nor is roTionsible for 
the opinions or conclusions of the authors It has been supported b\ a prant from 
the Tosiah Mnc\, Jr , Foundation 
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CHOLINESTERASE V 


following injections of DFP coincides nitli the inactivation of cholincsteiasc 

( 6 ) 

DFP IS one of the most specific and most powciful cnjiyme inhibitois 
knoivn (7) Although its toxicit}’’ must be icfened to this single cliemical 
leaction, the investigations mentioned have demonstiated tliat llie effec- 
tiveness of a diug depends on a gicat vaiielj of factois Some of tliese 
factois weie found m e\peiimcnis on isolated ncives oi on the whole 
animal, otheis, in in vitio cxpeiiincnts 

Some lanetic aspects of the enz'^nne inhibition of DFP have now been 
studied in ordei to determine whethci oi not additional factors have to be 
considered in the inteipietation of the mechanism of DFP action Such 
an analysis has been made possible b}'’ the availaliihty of a viitually pine 
cholmesteiase prepaiation, showing only one component in the analytical 
ultiacentiifuge lun The lesults of these obseivations mil be desenbed 
in this paper 


Methods 

Cholinesterase was prepaied by fractional ammomum suFate piecipita- 
tion from the electiic tissue of Eleclrophorus electneus as rccentlj’’ desciibed 
(8) About 50 cc of a solution were obtained, capable of splitting 2500 
gm of acetylcholine per lioui 1 mg of protein could hydrolj zc 20 gm of 
acetylcholine per houi The enzjnne solution was dialyzed against distilled 
water for 9 days, then divided into five equal poi tions and Ij'-ophilizcd * 
A fine white powder was obtained and kept foi several months m the 
lefiigeiator in sealed ampuls One tube of lyophihzcd cholinesterase vas 
dissolved m 30 cc of solution containing the following salts 0 1 m NaCI, 
0 01 M MgCh, 0 015 M phosphate buffer, pH 7 4 The solution could 
hydrolyze appioximately 500 gm of acetylcholine pei hour, vhich in- 
dicated that the piocess of lyopliilization and storage of the powder foi 
several months in the ice box had no effect on the actmty of the enzjanc 
The enzyme solution was centrifuged at 36,000 R p m foi 1 hour at 
about 9° ^ The pellet was redissolved in 4 cc of phosphate buffer desenbed 
above Since there were some undissolved pai tides, the solution was 
centnfuged and the residue washed twice mth 3 cc of buffer 1 cc was 
capable of splitting 24 4 gm of acetylcholine per houi More than half 
of the enzyme activity was lost bj”- the proceduie We aie unable to 
account foi this loss, since, in previous experiments, ultiacentnfugation 
did not affect the activity under smular conditions In the solution 
obtained, 1 rag of protein was capable of hydrolyzing about 60 gm of 

^ We aie gieatly indebted to Dr J A Aeschlimann, Hoffinaim-La Roche, Inc , 
in whose department the lyophilization was carried out 

* We are greatly obliged to Dr K G Stern for the ultracentrifuge run 
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acetylcholine per hour, "which is close to the highest degree of punty ob- 
tained prenously (8) This en 2 yme solution has been used in all expen- 
ments descnbed m this paper 

The incubation at 10° and the manometnc determinations of the cholin- 
esterase actmty at this temperature were earned out m a refngerated 
Warburg bath * 


Results 

Optimal Incubation Period — For the stud} of the kinetics of the inhibi- 
tion of an enzjone, the possibihty of workmg w ith a ii ide range of enz^ me 
concentration is a great advantage Rather high enzjTne concentrations 
appeared adnsable for determining ivhether the effect of DFP on the 
enzyme occurs on a mole to mole basis The enzyme concentration of the 
preparation available n as 1 4 X 10~^ m, calculated on the assumption of a 
molecular v eight of about 3,000,000 This figure is based on the sedi- 
mentation rate m the analytical ultracentnfuge run (8) The concentra- 
tion appeared to be proper for the mvestigations planned 

At first, an incubation penod had to be found which offered the optmial 
condition Smee the inhibition of the enzjTne is progressively irre\ ersiblc, 
a prolonged mcubation penod vould lead to the destruction of the greatest 
part of the enzyme, \ihereas the effect dunng a short incubation penod 
might be too small for accurate estimation To 0 5 cc of the onz\-mc 
solution, 0 5 cc of a solution was added of m hich the DFP concentration 
was 3 X 10“® M The degree of inhibition i\as detenmned at larjang 
periods of mcubation by removal of an aliquot part of the solution and 
ddution to 5000 times its ongvnal volume B} this dilution, the con- 
centration of DFP falls far beloii its mliibiton range and that fraction 
of the enz 3 ’me which had not been irreversibly inactnatcd could be detcr- 
mmed manometncally Is may be ^cen from the data of Fig 1, at 23° 
inactivation of about 50 per cent is obtamed after an mcubation penod of 
150 mmutes During this period, the percentage inactivation nses at a 
rather high rate, uheieas later the increase progresses more slov h After 
300 mmutes incubation, the fraction of enzv-me inactnatcd had n^en to 
66 per cent 

Tile expenments uere repeated at 10° Tlie percentage inhibition, as 
mav be seen from the data of Fig 1, v\as slightlj smaller than at 23° Tl'c 
shape of the curve v\as, houever, about the same kfter 150 minutes of 
mcubation, 39 per cent ol the enzv*me v as mactiv ated, after 300 minutc- 
about 55 per cent At first glance, it mav seem surpnsing that the differ- 
ence betueen 10° and 23° is so small But obnoush tco antagonistic 

• Manufactured b\ the American Instrument Company 
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factois are involved at 23°, the late of liydiolypis active enzyme will 
be highei, on the othei hand, the late of innclivalion of cliohnestera&c by 
DFP will also be increased at higher tempcKitiiic and thcicforc less active 
enzyme will be left at the end of the incubation pciiod ''J''hesc antagonistic 
effects may account foi the rathei small diffeicncc obscived 
From the data obtained, an incubation pciiod of 150 minutes at a tem- 
peratme of 10° appealed to be a favoiable condition foi the study of the 
varying factors involved and has been used foi the following obsciwations 
Relation between Enzyme and Inlnhito) Concentrahons — IlaMng thup 
established the optimal incubation pciiod, the concentration of the inhibitoi 


INHIBITION 
PER CENT 



MIN OF INCUBATION » 

Fig 1 Inactivation of cholinesterase b 3 ’- DFP at var} ing periods of incubation 
The DFP concentration used was 15 X 10~® m, the enryme concentration about 
7 X 10-® M, X at 23°, • at 10° 

duiing the incubation -was vaiied in ordei to test wdicther or not the effect 
changed piopoitionally As maj-- be seen fiom Fig 2, the inhibitory effect 
of DFP at a concentiation low'ei than that requiied foi 50 pei cent inhibi- 
tion at 150 mmutes incubation deci eased stiictlj’- piopoitionallj" This 
suggests an inactivation of the enzyme bj’' the inhibitor on a stoichiometiic 
basis The data obtained in a senes of expeiiments w'ere so consistent that 
only one set is leproduced in Fig 2 Witli twoce the concentiation re- 
quiied to inactivate 50 pei cent of the enzyme, the peicentage inhibition 
rose to 86 5 pei cent The depaiture fiom stiict pioportionahtj'- is to be 
expected in that high lange of inhibition 

Excess of Inlnbitor over Enzyme ConcenhaUon — ^Although the stnet 
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proportionality between increase of inbibitorj’^ effect and the increaserl 
concentration of the inhibitor suggested an action on a mole to mole basis, 
it appeared surpnsmg that the concentration of the inhibitor, under the 
experimental condition used, was 25 times a^ high as the concentration 
of the en 2 yme 

In order to find out the role of the enzjmie concentration m this connec- 
tion, a senes of tests w as made bj’- vaiymg the enzyme concentration from 
10~^ to 10~“ ii As may be seen from Fig 3, it ivas found that the excess 
required mcreases rapidly with dilution If pF, the negatne log of the 
molar concentration of the enzyme, is plotted against the log of the ratio 

INHIBITION 
PER CENT 



Fig 2 Relationship between the percentage of enzjme inhibition and the con- 
centration of DFP Up to 50 per cent, the inhibition increases strictK proportionalh 
to the increase of DFP concentration, suggesting a reaction on a mole to mole basis 

of inhibitor concentration, [Z], to enzjmie concentration, [Fj, a straight 
line IS obtained Wliereas the excess of molecules of inhibitor o\ cr mole- 
cules of enz 3 Tne is 25 times in the highest enznne concentration used, 
more than 100,000 molecules of inhibitor are neces^arj for each molecule 
of enzjTne m the lowest concentration tested in order to obtain the 50 
per cent mactivation 

It appears likely that the line of Fig 3 remains straight at concentrations 
higher than those tested In that ca«c, extrapolation to the point log 
\I]/\E\ = 1 would gi\e a aahie of approximatch G \.t this concentration, 
1 cc of cnzjTne w ould hj drolj ze betw een 350 and 400 gm of aceti Icholine 
per hour Such a concentration of the en 2 r\Tne maj be obtained In 
earher expenments, an enzjTne solution was prepared, 1 cc of which was 
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capable of hydiolj’-zmg 500 gra of acetylcliohno po iioui WOicthcr fbuch 
a concentiation may occur in natuic is at piescnt diflinilt to doriflc The 
highest activities found foi elcctiic tissue of the cel and the licad ganglion 
of squid coiiesponded to a hydiolylic povci of (1 to 7 gm of aietjdchohno 
pel gm of flesh tissue pci houi Since it is known ihat tlie on/} me is 
concentiated exclusive^ in the neinonal suifnee, it is iiossiblc ihat if the 
active membiane is a layei onl}’’ a few molecules Ihiek the t onecntration 
there may be of this oidei of magnitude oi ei'cn higher fndcpi'iuicnt 
of this physiological pioblcm, it would be of mteicst foi the study of the 
kinetics of the enz'^une inhibition to lest the mliibitorj efieef m such O’'- 


pE 



Fig 3 Excess of DFP required for varying enrjme concentrations pL\ the 
negative log of the molni concentration of the enrj'nie, is plotted against the log of 
the ratio of inhibitor concentration, [/), to the enzyme concentration, [FA 

treme concentiations How^evei, foi tlie time being, no such piepaiation 
IS on hand and the c\q3enraent must be postponed foi latci studies 
Dtffeience between DFP, Esenne, and Piostigmine — The fundamental 
difteience of the chemical leaction between cholmesteiase and DFP as 
compaied wuth that of otbei known inhibitois is obviouslj" the piogiessive 
iiieveisibility It appealed woithwhile, how^evei, to investigate wdiethei 
01 not theie aie additional variables on wdiich the effect of these two t'^'pes 
of mliibitois may depend 

Smee the leaction between prostigmme and cholmesteiase is totallj'’ 
level sible, an incubation with a high enzjTOe concentration and subsequent 
dilution of several thousand times, as has been used in the case of DFP, 
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should lead to complete mactivation and, therefore, have no effect This 
has been checked and confirmed In experiments mth diluted solutions, 
the immediate effect of prostigrame and eserme is m sinking contrast to 
the slowl} incieasmg action of DFP Asmaj be seen in Fig 4, mcubation 
with eserme foi varying penods of time, up to 150 mmutes, does not alter 
the degree of inhibition The same has been found with prostigmine 
The peicentage of inhibition produced bj’’ DFP nses continuouslj' In 
this case, the inhibition represents the total effect, the reveisible as veil 
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Fig 4 Difference between the effect of incubation on cholinesterase inhibition 
bj DFP and bj eserme The prostigmine effect, lil c that of csenne, is unaffected 
b> incubation The DFP concentration, as well as that of eserme, was 1 X 10'* m 
Fig 5 Effects cness of the inhibition of cholinesterase bi DFP and the alkaloids 
prostigmine and eserme at \ar\mg inhibitorj concentrations Inhibition m per 
cent plotted against pi, the negatne log of the molar concentration of the mhibitO'^ 
In the experiments with DFP, the enzj-mc was incubated for 150 minutes wath the 
inhibitor before the determination Xo incubation time was used in the experi- 
ments with the alkaloids 


as the 11 reversible part, since, at the end of the, incubation penod, the 
enzyme actmty has been tested without dilution Wliereas for short 
penods of contact, piostigmme and eserme are, at the same concentration 
stionger inhibitors than DFP, the effect becomes equal to that pioduced bv 
DFP after 150 minutes incubation and will be stronger than that of the 
two alkaloids if the enzyme remains in contact with the inhibitor for -till 
longer penods of time It is obvnous that tlus factor will influcuct the 
toxicitv tn mo In warm blooded amnials, t e at 37“, the reaction rate 
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between DFP and enzyme will be much Inghci than that observed at the 
low tempeiatuie used m those cxpoiimonis ]3ut foi slioit poiiods of 
time, a consideiable dilTeieiicc may bo ovpootod botwoiai Iho tuo Ivpes of 
mhibitois 

In anothei lespcet, the exiieiimcnls ha\c ic\ oalod a significant diffcicnco 
In low concenti ations, at 10"“ to 10"" m, ])i()stigmme and osonno lune a 
much stiongei effect than DFP, even aflei 150 ininnlos im ubalion IIow- 
evei, with mcieasmg concenti a( ion, the onootivent“-s of DFP incicases 
maikedl}’^ and at about 3 X 10"“ m, il suniasses that of the (wo alkalouh 
Fig 5 show's the mhibitoiv cfTects oblaincd b} vailing Iho inhibilor 
concentiation These data veie obtained with a < (instant iiuubation 
peiiod of 150 minutes at 10° Since the latlci factoi has no significant 
effect on the mhibitoi> action of the alkaloids, its chango would influence 
only the DFP cuive At a given concentiation, thoiofoio, significant 
diffeiences m effect mav be iiioduced In moielv alloiing the incubation 
time 


DISCUSSION 

Two essential facts emerge fioni the studies of kinetics of cholinesterase 
inlubition by DFP Fust, the enzjone inhibition b> this compound is a 
stoichiometiic leactioii Since the inhibitoiy effect is juoduced lapidly, 
w'hereas the iiieieisible leaction lequiies a ceitain penod of time, it 
appeals likely that, at fiist, a loose addition complex is foinied between 
enzyme and mhibitoi How'cvei, a chemical leaction, which cannot be 
easily leversed, soon develops betw'een the active gioup of the enz^Tne 
and the DFP molecules Tlie rate of this leaction depends upon the 
tempeiatuie, the Qio being approximatelj’’ 2 as was found pieviouslj (4) 

The second fact is the large excess of inhibitor requiicd at low enz>Tne 
concentrations Since the reaction piobably occurs on a mole to mole 
basis, this laige excess may indicate a low affinity foi DFP It may be 
suggested that the mhibitoi molecule is lather small when compaied with 
the enzjTne and theiefoie the piobabihty of collision wuth the active gioup 
IS smallei m more dilute solutions But the diffeience m size between the 
enzyme molecules and the alkaloids is neaity as gieat as in the case of 
DFP and yet the peicentage inhibition is gieatei foi the foimei and the 
leaction fastei Since w'e do not Icnow' the natuie of the active groups 
and w'hethei they are actually identical m both types of enzjme inhibition, 
the pioblem requires fuither investigation 

Another lesult of the observations is the difference between the lanetics 
of the inhibition by the alkaloids and by DFP Besides the smallei reac- 
tion tmie just mentioned, the fact that, wuth a given concentiation, the 
effectiveness of the DFP inhibition suipasses that of the alkaloids is of 
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great physiological interest, since the crossing of the tv, o curv es occurs in 
a range most important for the to\uc effect Cholmesterase, like all 
enzjnnes, is present m considerable excess, it was found to be 10 to 12 
times in frog sciatic nerve, and 5 to 6 tunes m the abdominal cham of 
lobster (1, 5) It may vary m different species and even m different 
tissues of the same species and may not be alwaj s constant Let us assume 
a range from 3 to 20 times The toxic effects may then be expected to 
start after mactivation of betw een 66 and 95 per cent of the enzjTne In 
this range, the inhibition by DFP mcreases lapidlj' and approaches comple- 
tion, vhereas that bj* the alkaloids follows a more asjTnptotic tj'pe of 
curve The mten^al between the onset of the first signs of intoxication 
by DFP and the completion of its action wiU therefore be rather small 
In the event that a vital center is mvolved, the range betw een an mactive 
dose and a lethal one will be narrow 

The most st rikin g result of these mi estigations is the demonstration of 
the innumerable factors upon which the effectiveness of the enzjTne inhibi- 
tion depends in mlro A still greater lanety of factors has an essential 
role determmmg the effect on cells and organs m viio, such as circulation, 
permeabihty of different membranes, rate of penetration, etc Conse- 
quently, the toxic signs show a nearh unlimited number of \ anations and 
it IS not surpnsmg that some investigators have been misled mto behevmg 
in different mechamsms and in an undefined general toxic effect of DFP 
The expenments lend, however, further support to the conclusion demed 
from the prevuous observations that the toxicitj of DFP must be attributed 
exclusively to the inactivation of cholmesterase The great vanetj* of 
toxic svTnptoms is obvuouslv not due to a multitude of chemical reactions 
but to the great number of vanables wluch have iieen demonstrated to 
influence the course of tlus single reaction 

ST7M1IAR1 

Some kinetic aspects of cholmesterase inactivation bv DFP have been 
studied and compared with the mhibiton effect of alkaloicF A liighlv 
punficd enzvTne preparation w as av ailable in which 1 rag of protein w as 
capable of h 5 'drolj zing 60 gni of acetv Ichohne per hour 

1 The rate of inactiv ation for v arvang penods of incub ition has been 
measured Under the conditions used, about one-half of the enzvme w a*; 
inactivated after loO minutes incubation The rate of inactivation then 
decreased considerablv 

2 Onlj a small difference m the rates of inactiv ation w as found betw ecu 
10° and 23° This mav be explained In the fact that the higher inarin a- 
tion rate at the latter temperature is compensated for bv the increase in 
enzvTnc actmtj from 10° to 23° -Vn incubation penod of 150mmute« 
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at 10° appeared a favoi able cond)tion and was iis('(] foi obtaining the data 
foi the obseivatiions wliicli folIo\\ 

3 With mcica&ed DFP concentiation, the inactnaiion of tbc onz}ino 
ancieased piopoitionall}'- The data suggest a leaetion on a stoKlnometnc 
basis 

4 The leaction of DFP ^^)1h the ( iiohncsleiase di'jxnd^ on lite en/ynio 
concentiation as ncll as on that of the inhibiloi 'J'lu greatei the dilution 
of the enzynne, the liighei is the excess of DFP lequiied If \)E, tlie nega- 
tive log of the molecvilai concentiation of tlie enzMiie, is jilotted agnin^-t 
the log of the latio of inhibitoi eoneentiation, |/J, to that of the rnyyirtc, 
[E\, a straight line is obtained In the eoneentiation geneially u^-cd for 
manometiic deteiminations, an c\co^s of nioie tlian 100,000 molecules 
of inhibitoi IS necessaij'^ pei molecule of enzjmi’ 

The fundamental diffei cnee of tlie inhibition of cliohncsfon'^e b} DFP 
as compaied with that by the alkaloids piostiginine and esciine is the 
irreveisible natuic of the foinici Additional dirfciences, lun\e\ei, were 
observed 

5 Incubation at peiiods up to 150 minutes did not aflect the inhibitor> 
action of the alkaloids, in contiast to that of DFP 

6 In lowei concentrations the alkaloids have a stiongei cOect than 
DFP, even if the forniei are tested without and the lattei aftci JoO minutes 
incubation In higher concentiations, the DFP inhibition becomes moie 
effective and lapidly appioaches completion, whereas that of the alkaloids 
follows a moie asjnnptotic type of cuivc 

The expeiiments offer additional suppoit foi the conclusion that the 
gieat vaiiety of toxic symptoms by DFP poisoning must not be attributed 
to a multitude of chemical leactions but to the great nimibei of vaiiables 
influencing the course of the single reaction wnth cholinesterase 
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In 1944 Kohn and Liversedge (1) showed that tissue suspensions or 
shoes incubated aerobically produce a compound uhich will condense with 
eithei p-anunobenzoic acid (PAB) to give a yellow color or mth thiobar- 
bitunc acid to give an orange-red color Bram is the most actn e tissue, 
hver next, and other tissues show some activity Subsequently, Bemheim 
et al (2) found that washed bram suspension boiled for 10 minutes and 
then mcubated aerobically mth small amounts of ascorbic acid takes up 
oxygen and produces the substance which condenses with PAB or thio- 
barbitunc acid Apparently, in the presence of ascorbic acid something is 
spbt from the bram protem Elhott and Libet (3) hai e shoivn that phos- 
phohpides increase the oxygen uptake of bram suspensions and that this 
effect IS increased by ascorbic acid Accoi dingly, w e prepared and punfied 
lecithin from brain and also from eggs, and, after inculiating this lecithin 
with ascorbic acid, obtamed colors with PAB and thiobarbitunc acid The 
absorption spectra of both are identical with those reported b3'’ Kohn and 
Liversedge It thus seems that ascorbic acid catalyzes the oxidation of 
lecithin, either free or combmed with tissue protein, and that tlus oxidation 
can be followed quantitatively bv the use of either one of the reagent* 

rrxpi nuwEVTAt 

Egg lecithm was prepared bj extracting 3 oiks wath m alcohol-ether 
mix-ture, filtenng, evaporating to a small volume, and precipitating wnth 
acetone The piecipitate was dissohcd m petroleum ether and reprecipi 
tated with acetone This process was repeated three to file times Brain 
lecithin wa* prepaied from rit brain b3 first desiccating the ground twsue 
with acetone and then CNdraeting it with petroleum ether ind precipitating 
with acetone Cephahn, prepared according to the method of Folch (4), 
was lundl3 supplied b3'’ Dr J H Ferguson, hsolecithm be Dr H B 
Collier, and sphmgom3 ehn and splungosme b3 Dr H E Carter 

The experiments were earned out at pH G 0 because the pll optiUiUm ui 
the rciction with free lecithin 1* the same as that found bx Kohn and 
Lixersedgc for tissue suspensions Lecithin which had been kept under 
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acetone in the ice bo\ was lapicllv diied, woi{>:hod, luid eitlier sliaken into nn 
emulsion in 0 05 m soduim'])(){a>'MUin-phospliale hufTci, pll 0 0, or dis- 
solved in 95 pci cent alcohol The lequiied amouiil was put into ~)0 cc 
Eilenmcyci flasks with oi witliout ascoihic acid which had been bi ought 
to the same pll The total \ohinie in cadi flask was 1 0 cc The flasks 
weie filled with 100 pei cent oxjgen and incubated with shaking in a bath 
at 37° No leaction occ lined in nitiogen Heating at 100° or at 125° in 
the autoclave gave a negative lesult, picMiinabl} be(au‘-c the product of 
the leaction is dcstiovcd at high tempeiatincs 'I'he instability of the 
product IS also shown by the fact that eiajioration to drj ness even at low 
tempeiatuies completel}'^ inhibited the leaction \fter the addition of 
tiichloroacetic acid, aliquots of the incubated material were taken, and the 
thiobaibituiic acid leagcnt of Kohn and Livei sedge was nserl to ilcvclop 
the coloi The absoiption spectra were measured in the Beckman spcctro- 
photometei 

Most of the expenments w'erc done w ith egg lecithin As soon as it was 
prepared, a sample was tested with the thiobaibituiic acid reagent This 
reagent w as used lathei than PAJB because it gi\ es a somew hat more stable 
coloi, wduch was estimated m the Evel}!! iihotocoloiimctcr with a No 510 
filtei Because of the slight opalescence of lecithin solutions, contiols 
Avithout the addition of thiobarbituiic acid weie used to estimate the light 
absorption of the lecithin itself When a lecithin-protem complex was 
used, addition of tnchloioacetic acid piccipitated the lecithin with the 
protein, wEich could be ceutiifiiged olT to leave a clear solution The 
amount of coloi produced by the freshly piopaied lecithin varied consider- 
ably in diffeient piepaiations Incubation of the lecithin for 2 to 3 hours 
at 37° in 100 per cent oxygen without ascoibic acid pioduccd some inciease 
in coloi This also occuiied if the lecithin was allowed to stand in the ice 
box for several w^eeks Autoxidation, therefore, pioduces the same sub- 
stance (mdicated by the identity of the absorption spectrum) as oxidation 
in the presence of ascoibic acid The lattei catalyzes the reaction 

Table I show^s the effect of vaiying the lecithin and ascoibic acid con- 
centiations on the coloi developed aftei incubation The values (D = 
(2 — log T) X 100) aie collected fiom a calibiation curve, for the absorp- 
tion IS proportional to the concentiation at low' concentrations only Ac- 
cuiate results w'ere difficidt to obtain, because of the tendenc}’’ of the lecithin 
to be adsorbed on glass suifaces, thus altering the amount in solution 
Better proportionality w as obtamed w ith the bi am pi otem-lecithin complex 
(2) When 1 0 to 2 0 mg of lecithin w'as used with ascoibic acid, maxi- 
mum values weie obtamed at the end of 2 houis incubation Fuithei 
incubation w'as without effect even if more ascoibic acid w'as added at the 
end of the 2 houi period The ascoibic acid is thus not the liimtmg factor 
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In order to determine what part of the lecithin molecule was undergoing 
oxidation, the follow mg experiments were done Incubation of cholme, 
gtycerol, or ^-glycerophosphate with ascorbic acid gave negative results 
Apparentl}’- the fattj acid part of the molecule is the point of attack To 
prove this, lecithm was hj^drotyaed b} KOH m the usual way and the 

Tvble 1 

Effect of Lectthtn, Ascorbic Acid, and Fatty Acids on Color Development 

Color produced after mcubation of egg IcathiQ With 0^ mg ascorbic aad for U hrs at 37*, pH 6^ in 
300% Or, leathin dissoh ed in 95% alcohol each \ cssel contained 3^ cc buffer and 0^ cc- ^cohol 
control \ alues without ascorbic aad ha\ e been subtracted 


Leathm 

1 

Color 0 ■= (2 -log 70 X 100 

mt 


0 25 

3 3 

0 50 

5 8 

1 00 

10 1 

2 00 

18 2 


Color produced after mcubation of ascorbic aad with 5i) mg leathin for 3 hrs at pH 60, control values 
without ascorbic aad have been subtracted 


Ascorbic aad in 4 0 cc 


0 001 

7 1 

0 0025 

7 9 

0 005 

IG 6 

0 010 

20 1 

0 025 

24 C 

0 050 

35 1 

0 100 

33 1 

Color produced after incubation of hnsced oil fatt> aads with 0 ^ rog ascorbic aads for 2JS hrs at 37 * pH 6J3 
m 100 % Oi fattj aads dis<oK cd in 95% alcohol each \ es el contained 3-3 ecu buffer and 0 J cc alcohol 
control values without ascorbic aad have been subtracted 

Fallj aads 

\ 

0 5 

I 9 

1 0 

2 9 

2 0 

1 7 3 


fattj acids isolated Wien these were suspended m buffer and incubated 
w ith ascorbic acid, positn e results w ere obtained In confirmation of this, 
highlj’- punfied linseed oil, a product of the F Weber Comiianj, Phihdel- 
plua, was hjdioljzed, and after incubation of the fattj acids, positn c 
results w ere also obtained (Table I) The c alues m the absence of ascorbic 

acid were high, mdicatmg that considerable lutoxidation had taken place 
Tlie double bond in the fatt\ acid is a probable site of the oxidation 
lASolecitliin, which has no unsat urated fattj acids, gate negatne result- 
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Sphingomyelin and sphingo^'inc also bcic negative, and tlicy eontain 
ammo and hj^dioxy gioups, .so these tannol be involved in the oxidation 
DilTeient amounts of iodine weie added to a solution of lecithin which was 
ivaimed until all the iodine had disaiipcaicd, as judged hv the staich test 
Incubation of the lodmc-ticated samples showed that the coloi reaction 
was reduced moic or less in piopoition to the amount of iodine added 
(Table 11) Attempts to pcrfoim this cxjieiiment with the use of Ilanus’ 
solution weie unsuccessful bcc.uisc of the tendenev foi imlme to be hbciatcd 
on standing aftci the end-pomt has been i cached 'riie iodine would thii^ 
mterfciG wuth the ascoibic acid Oleic and iicinolea .aids, both of which 

Taum II 

Effects of Adding Iodine, Scnnraibazidc, and EltniyUti/draziiic to Egg Lecithin 
The effect of adding difTcrcnt inionnis of 0 00') n lodmo to S 0 ing of (j g Iccitliin 
before incubation and the effect of adding different iinoiints of seniie irba/ide and 
phenylhydiazinc after incubation at 37° for 2 5 hours in 100 per cent ()■• at pTI GO 
The control values witliout ascorbic acid have been mihtraded 


Renpent added 

Color, n •» (2 - loK D X IM 

None 

IG C 

0 3 cc I3 

S 5 

0 5"“ 

2 9 

0 8 “ " 

0 0 

None 

19 0 

0 10 mg seraicarbaridc 

13 4 

0 25 " “ 

12 0 

0 50 " 

3 2 

0 10 “ pheiiylhj'drazine HCJ 

IS 5 

0 50 “ 

12 1 

0 75 “ 

9 4 


have one double bond in the middle of the molecule, gave negative lesults 
Therefore, this double bond is not oxidized to produce the cluomogemc 
compound (C/ Bailey (5) foi a discussion of the difteiont reactivities of 
double bonds in fatty acids ) 

The natuie of the oxidation pioduct w'as investigated /Vttei incubation 
of lecitlnn, small amounts of semicarbazide oi phenylhydiazine weie added 
to the mixtiue befoie the tluobaibitunc acid Table II shows that such 
additions inhibited the subsequent color formation, which suggests that 
an aldehj'-de or ketone gioup is piesent It is piobable, however, that 
such gjoups are potentially rather than actually piesent and are only 
formed in the piesence of the leagents, because the straight chain aldehydes 
01 ketones tested ivill not Condense wuth thiobaibituiic acid to produce a 



BKB^'HEr^r, BEB^THEIM, AKD mi/BUB 


261 


color Wlmt probably happens is that the double bond is oxidized to form 
an ether or peroxide linkage, which reacts with the thiobarbitunc acid (or 
PAB) The molecule is spht by this reaction and either the longer or the 
shorter part combines with the reagent 

In order to determine the size of the molecule attached to the thiobar- 
bitunc acid, the colored product was isolated After incubation of the 
lecithm and ascorbic acid and the addition of thiobarbitunc acid, the mix- 
ture was extracted with isoamyl alcohol The colored compound was 
was easily extracted and the alcohol solution was washed several times 
with acid water The compound was next extracted from the alcohol bj' 
dilute alkah, which was then acidified and ex^iracted ivith ether to remoie 
the excess thiobarbitunc acid It was ex-tracted with isoamyl alcohol, 
which was then slowly evaporated down The colored compound precip- 
itated m a flocculent mass, which was centnfuged off and dned The 
dry powder was thoroughly extracted mth boihng ether to remove an}' 
remainmg free thiobarbitunc acid 

The product stdl had some morgamc residue but no orgamc phosphate, 
as detemuned after digestion with perchlonc acid by the method of Fiske 
and Subbarow (6), so presumably the whole lecithm molecule is not com- 
bmed with the thiobarbitunc acid The analysis of the compound cor- 
rected for the morgamc residue gave 43 3 per cent C, 16 7 per cent S, and 

15 3 per cent N If a 3-carbon cham wnth 1 oxygen atom w ere added to 
the thiobarbitunc acid, the theoretical values would be 42 0 per cent C, 

16 3 per cent S, and 14 4 per cent N These v'alues are suffioientl}' close 
to mdicate that 3 carbon atoms aie removed from the fatty acid As- 
suming the addition of 3 carbon atoms and an oxj'gen, the jneld of the 
colored compound is about 15 per cent Recent work on the position of 
unsaturated bonds (7) shows that m the highl}' unsaturated acids (Imolemc 
and others) a double bond is placed between groups of 3 carbon atoms 

Incubation of lecithm wnth HjOj mstead of ascorbic acid gave negative 
results Any excess H 2 O 2 which might interfere wnth the test was re- 
moved bj catalase before the addition of thiobarbitunc acid Crv stallmt 
rat hemoglobin wall, however, act catalj-ticall}' for the brain preparation, 
lecithm, and the fatty acids from hnseed oil and is a better catalyst for the 
last than ascorbic acid The compound formed has the same absorption 
spcctum regardless of the catalj at (Fig 1) 10 mg of epinoplinne in!ubit= 

the cataljdic action of ascorbic acid and hemoglobin completely, and 0 5 
mg of NaCN causes partial inhibition, probablv bv combming wnth the 
end-product 

A few expenments were done wnth cephahn The autoxidation of the 
preparations used was large, but ascorbic acid still showed an effect 
Hemoglobin, however, does not act as a catalyst lor the oxidation of 
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Fig 1 The absorption spectra of the thiobarbitunc icid compound formed after 
the oxidation of various lipides 


cephalm In fact it even mlubits the autoxidation as well as the action 
of ascorbic acid Aftei incubation of 5 0 mg of cephahn alone, the lead- 
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mg was 42 4, \nth 0 2 mg of ascorbic acid, 57 2, with hemoglobin, 15 2, 
and with ascorbic acid and hemoglobm together, 24 6 Cephahn added to 
hemoglobm and lecithm does not inhibit the cataljiic action of the hemo- 
globm on lecithm Therefore, cephahn does not mactivate the hemoglobm 
The absorption spectrum of the compoimd made from cephahn shows a 
shghtly more pronounced band at 450 mp than does the compound made 
from lecithm (Fig 1), otherwise they are identical Expenments with 
morgamc iron and copper salts as catalj’-sts were mconclusive, because 
they mterfered with the thiobarbitunc acid test 

DiscnssiOK 

The reaction descnbed above, namely the oxidation of a double bond 
and the breakmg off of a fragment containmg 3 carbon atoms from the 
end of the cham, could occur m hnolemc acid Lmolemc acid, or other 
similar unsaturated acids, may be formed m the oxidative metabohsm of 
brain, hvei, and kidney, and possibi}- other tissues as well, because, after 
tissue slices are mcubated aerobically, strongly positn e thiobarbituric acid 
tests are obtained The fact that such acids ha^ e not been isolated from 
liver (8), for mstance, may mean that they are not stored because thej’ are 
rapidly oxidized Similarly, such acids have not been reported in egg 
lecithm, but may be present in small amounts It is not possible as yet 
to decide how the oxidation proceeds m the body, t e , whether autoxida- 
tion or catalysis by ascorbic acid or hemoglobm is responsible for the reac- 
tion The evidence suggests, howeier, that oxidation of certain double 
bonds m a fattj acid can occur whether the fatty acid is free or bound m 
the lecithm molecule The thiobarbitunc acid test as well as the PAB 
test is a simple tool for stud 3 ’mg this reaction in tissues under different 
conditions 

In 1917, Plaisance (9) showed that thiobarbitunc acid added to fructose, 
which had been premouslj heated m strong acid, produced a j-ellow precip- 
itate IVe haie prepared this compound and measured its absorption 
spectnim, which is completelj' different from the one obtained wuth fattj 
acids It max also be mentioned that thiobarbitunc acid produces a 
Imlliaut orange-red color when added to wood chips or sawdust The 
color turns green in alkah, which is not true of the fattj acid color We 
haxe not as jet been able to extract the color from the wood particles 

STJSIXLVRX 

1 The colors obtained bx Kohn and Ln ersedge upon addition of either 
thiobarbitunc or p-aimnobenzoic acid to incubated tissues are due to a 
product of the oxidation of unsaturated fattj acids 

2 Egg lecithin, or fattj acids isolated from it, bram lecitlnn, fattj acids 
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fiombnseecl oil, ccphalin, .nid tho hiain piofom-Jccithm complex previously 
desciibed give colois uiih these icngenls after aciobic incubation vitli 
ascoibic acid. Tlie absoiption speciia of these eolois are identical vith 
those described by Kohn and Livci sedge 

3 Aftei autoxidation the ‘'Ome oolois aic piodiieod Asooibic acid is 
thus acting as a catalyst Civstallinc hemoglobin also ac(s ralalylically 
foi all the lipidcs except eephahn Inciihalion with IIoOj gave negatnc 
lesults 

4 The mechanism of tin* le.iction is discussed 

Addendum — Aflci incubation, iniic liiiolc'ic mid (IjIiiui and \incnd) (;oc« onlj a 
tiace of coloi with thiobarbitiinc acid Uiidci the s inio toiuhtioiis pure inctlijl ]in 
olenate (Hormel Foundation) produces a larKC ninounl of the clnracterislic color 
Ditertiary butyl peroMde (SlicH Cor[ioration) does not react witii thiobarbilunc acid 
to give a color 
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Heparin is known to be inhomogeneous Jorpes foxmd, for instance, 
that hepann prepared from o\ liter was not a homogeneous substance 
Heparm has also been obtained as a crj'stalhzed banum salt, and a di- 
vergence of opmion exists nith regard to its degiee of puntj’-, homogeneitj', 
etc For details the reader is refened to Jorpes (1) and Cliaigaff (2) 

Extensive physicochemical investigations hate not, as far as ve Imou, 
been earned out on hepann In connection with other studies we under- 
took physicochenncal measurements on tvo of the purest trade prepara- 
tions of hepann, vis Roche (Switzerland) and Vitrum (Stt eden) Molecu- 
lar tt eight detenmnations foi hepann Vitrum ttere earned out earher bj 
Gronwall, Ingelman, and J^Iosunann (3) They reported a molecular 
weight of 17,000, tthich we have now venfied At the same time, a cer- 
tam polj'disperaty ttas found nhich led us to a closer int estigation of the 
questionable homogeneitj' of hepann 

EXPEHUIENTAi 

Electrophoresis — Wilander found onlj one active component with a mo- 
bility of 17 to 19 X 10"’ sq cm per % olt per second Chargaff el al (4) 
also found only one component on electrophoresis In our electrophoretic 
mvestigation of hepann ve found two distinct aclnc components, both of 
iihich moved towards the anode Hepann A itnim and Roche gaic the 
same result 

The Tisehus electrophoresis apparatus was used for this in\ estigation 
(c/ Svensson (5)) 

The ex-permient with hepann \ itnim w as made with i per cent hepann 
solution in phosphate buffer at pH 6 8 and ionic strength 0 1 Tlie poten- 
tial gradient was 6 75 aolts per cm After electrophoresis for 1 hour a 
dmsion was obtained into two components, a and /S, with mobilities of 
Uo = 19 2 X 10"’ and u^ = IGO X 10"’ The following percentage com- 
positions could be calculated from the electrophoresis diagram a = 54 per 

• Department of Radiopatholo(,\ , Caroline Institute and Padmmlic nmet, "tocl- 
liolm GO 
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cent, i3 = 46 per cent The faster peak appeal ed moi e hoinof^eneous 'J'iic 
slowei peak tended to bioadcn to a ccilain e\lcnf (Fjf' 1) After clcelro- 
phoiesis foi a longci time, a thud small comiionenl (ould be obseivcd 
which had a mobilit}’’ between tliosc of tlic a and fi peaKs 

Aftei elcctiophoicsis foi 9 horns with eompcnsution, the components 
%veie sufficiently distinct and sepauition could be undci taken In one cell 
a pure a component was obtained and in the othei « -f /3 The anticoagu- 
lant activity was assa 3 'cd bj'^ means of the thiombin method of Jaques and 
Chailes (6) and ga^c the following icsults « = To per cent of the onginal 
actmty, a + /3 = 100 per cent 



limb) 

Consequently both components aie active, but the a component lias the 
greater activity, since the peicentage composition mclieatccl that the com- 
ponents weie present in the ratio 1 1 

The buffer was separated from the diffeient fiactions bj’’ dial} sis, aftci 
wffiich they w^eie “fieeze dried ” Anab'^ses for ester sulfate and hexosamine 
were then made on both fractions The hexosamine content was practi- 
cally the same m both fractions, but the a fi action contained 9 0 per cent 
ester sulfate, wffiile the a -p /3 fraction contained onl 3 >- 7 3 per cent estei 
sulfate Thus, the a component is dehnitelj'- iicher in ester sulfate than 
the i3 component 

When heparin Roche was examined undei the same expeumental condi- 
tions, w^e found the mobilities to be u„ = 18 4 X 10“®, u^ = 15 0 X 10“®, 
and the percentage composition a = 50 per cent and = 50 per cent 
Also in tins case the /? component became bioadei (Fig 2) After electio- 
phoiesis for 8 houis the expeiiment w^as stopped, the a and a -f /? fractions 
taken out, and then activities deteimined a = 55 per cent of the onginal 
activity and a -p (3 = 100 per cent 
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Obviously hepann is charactenzed electrophoretically bj ti\ o mam com- 
ponents nhich occur m about the same proportions but ha%e different 
anticoagulant properties The composition of hepann Roche and Vitnim 
seems to be fairly similar 

Adsorption Analysis — have also used the adsorption technique of 
Tisehus, furthei developed bj' Claesson (7) B3' means of a frontal adsorp- 

tion analysis a diagram was obtamed which shows a step for each compo- 
nent, but no defimte statements can be made as to the amounts of the com- 


il 

<■ 

Fic. 2 Electrophoresis diagram of hepann Rothc after 120 mmutc>- ipo'-ituc 
limb) 

20 
10 
0 

Tig 3 Frontal adsorption anahsis of an 0 20 per cent hepann \ itrum solution in 
untcr The ordinate gi\cs the increase in the refracticc inde\ 

poncnts The analjsis of hepann Vitrum with “Carboraffin •mpra’ 
(Lurgi) as the adsorbent gaie a frontal anal} sis diagram with three com- 
ponents (Fig 3) Onl} the first component could be nssated and it< mti- 
toagulant actmt} was found to be low On the other hand hep inn 
Roche ga\c four components dunng a similar amhsis (Fig 4) 

Rccrystallization Experiments — It was of interest to ^tuch the effcti of 
rccnstallization on hepann, and, in particular, of the reen ctalhz.ition of 
the binum salt in warm acetic acid according to tVolfrom rt al 3'lie=c 
authors reported (8, 9) that hepann Roche parth loses it- actmt} ifter 
rccr}stalhzation, despite the fact that the sulfur content maintains it= 
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initial value During tins process they found that ammo gionps vcrc 
libeiated fiom the hepaim molecules 
In oin expcinnents to leciystalhze hepaini Kochc the icsulls given in 
Table I weie obtained Recrj'stalhzution e\pei nnents v ci e also pci fonnccl 
with hepaiin Vitium, and sinnlai lesults vcic obtained (Table II) 
Deteinnnations of the anticoagulant cflcct b}' the thrombin method of 
Jaqiies and Chailes shoved a decrease in the hepaiin altliniigli 



4 I'lontal iid'ioiption (iii'ihsis of III 0 J(l ptr teat Iiopiiiiii Hot Ik Molutioii hi 
\\ntei The oidinatc {ri%es tlic ineion'te in the refr'irlivo indev 


TAnni I 

Recnjstalhzation of Heparin Jtochc atcoidtnq lo Wolfram lI Al 



AnlicoiKuhnt ilTfct 

1 Mclacliromno | 

1 (Micliitn h (10)) 


1 

1 stcr 
sulfite* 

1 

IIcxo 

amine 



Mcssnrc.l 

a. 



per cent 

per cent 

per cent | per cent 


per cert 

per cert 

Na salt 


100 

* US 1 

2 07 

\ 9 0 

21 

Bn ", (fiomNasalt) 

SO , 

98 

111 136 

2 21 

9 1 


I, reciystallired 

67 1 

.82 1 

77 1 91 , 

2 37 

1 


II, recrystallizod 

02 

To 

81 99 

2 73 



III, 1 ecrystallized 

56 

68 

S2 100 

2 66 1 

1 


IV, iccrystalli/ed 

44 

54 

90 ’ 110 , 

2 51 ' 

i 

1 

V, reciyslnllized 

36 

44 

87 1 106 1 

1 1 I 

2 70 

0 o 1 

i 1 

! 24 0 

1 


* The analyses ^^e^e calculated for air-dried substances as Xa salts 
t Conveision factoi 14S4/1210 (sec Jorpes (1) p ,44) An initial sodium salt vas 
given as 100 per cent 


not quite so gieat as that found by Wolfrom et al (8), vhile the degree of 
metachiomacy deteimined accoiding to Macintosh (10) lemained constant 
within the limits of eiioi Analyses showed also that the content of the 
estei sulfate and hexosamine did not change appieciably duiing five le- 
ciystalhzations (Table I) 

On the othei hand, the ultracentiifuge measurements showed (Tables I 
and II) that the sedmientation constant incieases contmuouslj’-, and, fui- 
thei, at the' same time the ultracentnfuge diagiams indicated that the 
polydispeisity of the piepaiation also increases An inciease m the secli- 
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mentation constant may be due to polymenzation or other structural re- 
arrangements of the molecule 

In order to examme this question a molecular weight detennmation was 
made on the 5 times recrystalhzed hepann Roche Detennmation of the 
diffusion constant for this recr 3 'stalhzed hepann m the cell designed by 
Claesson (11) gave the value = 7 91 X 10~" sq cm per second By 
msertmg the values obtamed for S 20 and m Svedberg’s formula for 
molecular weight, and by the use of the specific volume which has been 
obtamed for commercial hepann (V = 0 50), we found an average molecu- 
lar weight of 16,600, vhich is in good agreement with the moleculai weight 
determined bj Gronwall et al for hepann Vitrum On the other hand, 
V hen the fnctional ratio is calculated with the help of the formula (12), 


///o = i0-» 


/ 1-T% Y'* 


the value 1 81 is obtamed, while for the commercial hepann this factor is 
2 5 (3) 


Table II 

Rccryslallization of Hepann I ilnim according to Wolfrom cl -il 



UnticoapiUnl effect 

! Me schronac} 
tMccInto'h 00)) 

i 

1 

£*ler 

sulfate 

1 

i 

1 Heios 

1 araye 

1 

jMeasured 
‘&s BastU 

1 

'Calcultl 
ltd as Na' 
salt 1 

iMeaiuredl 
3$ Basaltl 
1 

Calnilat j 
cd Na 
alt j 


^ ttr Ctrl 

fcrcfnt 1 

per Ctrl 1 

fff cerf 


per cerl 

fer fert 

\a salt 


100 

1 

S5 1 

i 20 

0 5 

18 

Ba “ (from Xa salt) 

, 67 

' 82 

72 1 

S9 i 

1 2 60 , 

, ^0 


I, rccrjstalhzed 

■H 

> 53 

63 ! 

77 ' 

i 2 62 



II, recr% stallized 

1 33 

45 

66 1 

81 ’ 

2 71 



III, rccrjstalhzed 

31 

3S 

1 i 

SO 




n , rccrjstalhzed 

23 

' 33 

1 67 

82 


11 5 


V, recrj stallized 

21 

' 26 

60 

1 1 

74 

2 87 




This decrease in fnctional ratio means that the molecules ha\e tlianged 
their shape or their h 3 dration after the treatment vith warm acetic acid 
Depo^Tnenzation of the hepann molecules has not occurred (cf Jorpes), 
but other changes in the structure of the molecules ha\e ob^^oush taken 
place 

Quahtative differences also appear m the electrophoresis diatn-am In 
the hepann Roche recrj stallized fi\e tunes, the two components mentioned 
ihove were again found, with the mobibties Ua = 17 9 X 10~' and 
u; = 15 4 X 10~* close to the \alues for the imtial matcnal VTc could 
calculate from the electrophoresis diagrams that the a component consti- 
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tilted 70 per cent and made up 30 poi rout of tin*- piejiaialion, iilnlo for 
the initial hepaiin lloche tlic i alio is 1 I 

DISCUSSION 

The pxpeiiments aie of paiticulai inleiest bei'uuso no agi cement is 
found between diffeient investigatois (Chailcs and 'i’odd (13), Jorpcs (1)) 
as to w bethel hepaiin is to be icgaidcd as a homogeneous substance or 
w'hethei it consists of a mixtuic of i elated substanecM Juiircnga and 
Spaulding (14) found that hcjiaim fiom lung could be fractionated b> 
means oi piecipitation wuth acetone into two distinct sodium salt fiactions 
w'hich exhibited diffeient activities Oiii cxpciiments show that a similar 
fiactionation of hepaiin is also possible bj' vaiioiis othci means Commer- 
cial hepaiin obviousl}' contains diffeient substances with diflcient piopcr- 
ties 

As to the anticoagulant clTect of hepann, the estci sulfate component 
does not play the only uMe Joipes (1) had assumed that the decicase m 
activity following recijstallization was due to depolymenzation, basing 
his opinion on the fact that estei sulfuric acids of othci high polymeric 
caibohydiates exeit an anticoagulant effect This cflect was giadiiallj 
lost when the molecules were depohmieiized (15) Fiom our expenments, 
we can state that the anticoagulant effect of hepann is distinctlj more 
compheated, since no decieaseinmoleculai weight oi in cstci sulfate content 
IS obsei vable, despitea si i ong deci ease m the anticoagulant effect As judged 
fiom the moleculai weight deteiminations, hepann cannot be leckoiicd to 
belong to the veiy highly poljoneiized substances, and tlui';, diicct com- 
paiisons wuth the sjmthetic pclj^sulfuiic esteis of caibolndiatcs aic not 
justified Thelatteijin spite of then highci pol3Tneiic natuic, exhibit 
weakei anticoagulant activity Theiefoie, it seems moie likely that the 
ammo mtiogen that is set fiee dining lecij^stallization in waim acetic acid 
accoidmg to Wolfrom ef al (8, 9) plajs a fundamental idle in the antico- 
agulant effect of hepann With regaid to the changes in moleculai struc- 
tui e desci ibed abo\ e, w Inch dehmtely take place pai allel w ith the liberation 
of the ammo gioups, it appeals unlikeh" that ammo nitiogen is acetylated, 
as was piexnously assumed by Jorpes and Beigstrom (16) 

SUMMARY 

These investigations show that commeicial hepann can be sepaiated bj’’ 
means of electiophoresis and adsorption analysis into fiactions with diffei- 
ent anticoagulant properties In the couise of lepeated lecij^stallization 
of hepann in w'arm acetic acid, according to Wolfiom ei al , the inactiva- 
tion of hepann is not associated with anj’- depolymenzation, w^hich w^as as- 
sumed bj*^ pievious authors 
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PAlsTOTHENIC ACID STUDIES 
IV PROPIONIC ACID AND /9-\LANINE UTILIZATION* 

Br TSOO E KING aot ATIRNON H CHELDELIN 
{From the Department of Chemistry, Oregon State College, Corvallis) 

(Received for publication, December 12, 1947} 

Wnght and Skeggs (1) m a recent pubbcation ha\ e im estigated the in- 
hibitorj’- effect of propionic acid on the groni;h of Escherichia call Thej 
obser\’'ed that this inhibition could be reversed m large measure bj small 
amoimts of /3-alamne or pantothemc acid, and concluded from their studies 
that propiomc acid operates to prevent the synthesis of /3-alanine by 
Escherichia coli 

Although the above hj^pothesis appears attractive, it occurred to us that 
at least tv o other explanations had not been defimtely eliminated, ? c , that 
propiomc acid combmes with /3-alamne, fomung an mactive or possibly 
toxic peptide, or that propionic acid competes with |8-alamne for combma- 
tion within the cell (possibly to a specific enzjmie), thus ev'entually prev ent- 
ing coupling of the pantothenic acid moieties These possibihties hav'e 
been mvestigated m the present paper, and the evudence appears to fav or 
the latter one 


FXPERUIENTAL 

In order to study the effect of each pantothemc acid moietj upon propi- 
omc acid mliibition, tvo organisms were chosen m vhich the abilitv to 
sjmthesize the vntamin is more restneted than in Eschcnchia coh These 
vere Acelohacln suboxydans, which requires pantoic acid for growth, and 
Saccharoinyces cercvisiac, '-tram LM (American Tv-pe Culture Collection 
No 9371), which requires ^-alanme 
The testmg methods for veast and acetic acid bactena were the same as 
those reported m prevnou® papers (2, 3) The media were adapted to the 
needs of the present stud 3 , “=0 that the effect of propiomc and other acids 
could be obsen ed Their compositions are shown m Table I 
Tile sodium propionate solution was prepared bv dissolvnng propion’c 
acid in water and adjusting the pH to that of the medium used Sodium 

* This work was supported b\ the National Institute of Health and the Nutrition 
Foundation, Inc 

Published with the approval of the Monographs Publications Cominitfce, Oregon 
State College Research Paper No lia. School of Science, Department of C! "mis'n 
For the preceding paper in this senes, see King, Loobor, and Cheldclm, Arc 
Btochem , in press 
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acetate solut.ion ^\as made bimilailv fH«ii <!>(' nnliv<lro\is Mill In order to 
avoid volatilization of faltv ai ul^ dmiiifi; ‘.teaming:, tlie solutions Mere steri- 
lized bv (iltiatioii and tian^feiicd as'iitiealh to tlie tost fla^^ks or tubes 
immediatelv pnoi to inoculation vith oip;ani‘-ni‘^ 

Piopioujd-i3-alaninc va*- piepaicd b\ eondeiisinf!; jnopionvl chloride with 
j(?-alanine in a dilute sodium lndio\ide solution ‘\ftei acidification, the 
lesultinp; mixtuie vas evapoiated in vacuo to dnness The lesiduc was 


Taiui 1 



j Otrint'm 


1 A(flc'’i3d(r 

IStird irpn.cf cfrtristie, 


juhi)J, ttt 

j jfroin Wi 

Glj ccrol 

100 gm ' 

* 0 gm 

Glucose 

5 “ i 

1 20 " 

Casern hjdiohsale, Mtamm-frcc 

! 10 " 1 

! 0 

Nont -treated peptone 

5 " ! 

1 0 

“ hver concentrate 

2 ** 1 

0 

Tryptophan 

200 mg 

0 

Cystine 

150 " 1 

0 

Ammonium sulfate 

0 

3 “ 

Potassium dihj drogen phosphate 

0 

2 " 

Salt Solutions 1 and 2 (4)* 

0 ■ 

1 ml each 

“ “ \ and B(5) 

1 ml each 

0 

Inositol 

0 

15 mg 

Riboflavin, pj ndoxme 

0 

200 y each 

Nicotinic acid, p-aminobenzoic acid 

200 1 each 

200 " “ 

Biotin 

0 

1 " 

Folic acid 

0 

2 “ 

Thiamine 

100 T 

100 “ 

Water to 

1 liter 

1 liter 

pH 

6 0 

1 S-5 0 


* Bibhogiapliic reference 


exhaustively extiacted woth anhydious petioleum ethei m a Soxldet ex- 
tractor The piopionyl-/3-alamne was obtained as a light yellow" sirup by 
extraction w rth dry ethyl ether Calculated for CcHnOaN, N 9 65 per cent, 
ireutralization equivalent 145 6, found, N (micio-Kjeldahl) 9 50 per cent, 
neutralization equivalent 149 

Propjd piopionate w"as prepared by refluxing piop3d alcohol and propionic 
acid in the presence of 10 per cent sulfuric acid The ester was separated, 
dried, and redistilled three times, and the fraction boiling at 122-124° w"as 
collected 
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Results 

Table II shows the effects of sodiiun propjocate and sodium acetate on 
the growth of yeast Inhibition at low levels of /3-alanme was virtually 
complete in the presence of 1 mg of propionate (0 0015 m), whereas acetate 
was much le's potent This is m keeping with Wnght and Skeggs’ obser- 
\ations wnth Escherichia coh (1) At low levels of (8-alanme, the ratio of 
propionate to /3-alamne to produce 50 per cent inhibition w as roughly 100 1 , 
for complete mhibition, a ratio of about 10,000 1 was required The ratio 
was not constant, since relatn ely more ^S-alamne was necessary to overcome 
increasing doses of propionate, and at higher lev^els of the latter compound 
growlli could not be completel}'’ restored, even by 160 y of )S-alamne 

Table II 

Groutlh of Saccharomyces cerevtstae. Strain LM (No 9371 ), in Presence of Sodium 
Propionate and Sodium Acetate 


Sodium proptouaU j Sodium acetate 


Alanine 

Molar concentration 


1 


0 

0 0003 

0 

OOJ 

i “ 

004 

cm 

0 016 

0012 

0 

072 

1 ® 

016 

0 

032 

1 o 

072 

y 

i 

1 








Optical densit} , 2 

— logC 









0 

i 

0 

0 

025 



0 

010 

0 

005! 

0 005} 

0 015, 

0 015; 

0 

oool 

0 

025; 

0 

025j 

0 

020 

0 

2 1 

0 

090 , 


1 

0 

025' 

' 0 

025, 

0 025' 

0 025, 

0 015 

0 

000 

0 

oso 

0 

070 

0 

070 

0 

5~ 

1 0 

220 

0 

050' 

0 

035 

0 

030' 

0 030[ 

0 030, 

0 025 

0 

000 

0 

210 

0 

220 

0 

120 

1 

0 

1 ® 

360 , 

, 0 

155' 

0 

150 

0 

075 

0 060 

0 055 

0 030' 

0 

000 

0 

300 

0 

260 

,0 

140 

2 

0 

0 

390 

' 0 

2S0| 

0 

250 


165| 

0 110] 

0 oso! 

0 030] 

0 

000 

0 

330 

0 

330 

'0 

170 

5 

0 

0 

430 

1 ° 

350; 

0 

320 

' 0 

270, 

0 180 

0 120; 

0 045' 

0 

oool 

0 

370 



1 0 

230 

20 

0 

t 0 

430 

0 

440 





0 280 











160 

0 

1 0 

450 

0 

450 



1 

1 

i 

0 300 


t t 




1 


1 




Tubes containing 0 5 rag of glutamic acid gav e better growth, but this w as 
considered to be due to the stimulating effect of the amino acid as prevnouslj 
reported (6), and presuraablj is not directlj related to propionate 
The met In 1 and propjl esters of propionic acid showed feeble mhibition, 
but propionv 1-^-alanine stimulated growth slightly Both effects maj be 
due to hjdroljsis bj the veast, or possiblj (in the latter case) to contami- 
nation with traces of /3-alanine The results are summarized in Tabic III 
In other evpenments (data not given), the reversing power of /?-alanine 
and pantothenic acid in v east w as compared to that of other v itamins in the 
presence of v arious lev els of jiropiomc acid \n increase of 2- or G-fold in 
the concentrations of the vatamms present m the ba=al medium had no 
effect on propionate inhibition 05 y of pantothenic acid, on the other 
hand, complctelj reversed the effect of 0 25 mg of propionate (0 00037 m) 
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The intact vitamin vas thus about '10 tiim s as ofTorfivo as /?-aIaninc in this 
icspect, wheicas pantoit acid had no unm^ing powci v}mtf\rr, oven in 
doses as laige as 40 mp; pci lube It would appear, Ihcicforc, that the 
piopionato cfTect is iclatcd to /3-nlnninc utihration, even though ft alanine 
cannot completely ovoicomo hipch lc\ols of jrropionalo 

Taiui 111 

Tnrlnihmctrtc JTc'jpoa^c oj 1 rrfs/ Strain lA! to J'ropionic And L'ici' and Propwiiyl 
(i alanine in Prcniuf of fi~ [lantnr 



1 

Mctiul ctlir 


I'roin 1 

1 f Ir 


I rii,-> n ijl /I ahninr 


Alanmc 

1 

* 0 mg 

1 ■; mr 1 

2^ ntf 

0 inr j 

j 21 inr j 

\ u ( 1 

0l7 j 

1 i 


y 

0 0 

! 0 020 

0 010 1 

0 005 ' 

OlXii 

0 010 

cal lien Uj 

0 030 

0 010 

0 010 j 

0 050 1 

0 190 

0 2 

I 0 050 

1 0 050 1 

0 020 ' 

0 105 

0 010 

0 115 

0 120 ] 

1 0 130 j 

0 .500 

2 0 

0 2G0 

' 0 2S0 

0 100 1 

0 no 

0 010 

0 530 

0 .500 1 

: 0 .510 1 

0 520 

5 0 

0 3G0 

0 350 ' 

0 200 ' 

0 150 

0 100 

' 0 520 

0 '>10 ' 

1 

1 0 .520 j 

0 520 


I’/vni I IV 

Growth Response of Aci tobnctci sidwxudans to Proptonali in Pnocncc of Pantoic 

[cut and /3 Alanine 


Pantoic 

acid 


\a propiomt 

C 

0 013 U 

0 006 u 

Propjl 

propionate 

iNa propionate (0OISiJ) + 
1 5 7 pantoic ceid 

0 M 

0 012 \i 

0 024 H 

0 OtS 

j (3 Alanine 


7 




Optical ilcn'it\ 











1 raj 


0 0 

0 030 

0 030 

0 030 

0 035 

0 030 

0 030 

1 0 1 

0 230 

0 5 

0 430 

0 340 

0 300 

0 150 

0 OGO 

0 290 

' 0 2 

0 320 

1 0 

0 620 

0 570 

0 540 

0 200 

0 OGO 

0 410 

1 0 5 

0 420 

5 0 

0 630 

0 610 

0 540 

0 240 

0 OGO 

0 100 

I 1 0 

0 400 

15 0 




0 230 



1 


45 0 




0 2S0 



! 



The effects of sodium piopionate on Acelobactei siiboiydans aie summa- 
rized in Table IV This oigamsm, like Escheiichia colt (1), s 3 ’'nthesizes 
j3-alanme, and, like the latter oigamsm, requiies much highei levels of 
propionate for inhibition than does yeast Likewise, i datively laige 
amounts of extra /S-alanme aie needed to leheve the mlnbition It is again 
evident that pantoic acid has no effect on the inhibition, as was showm for 
yeast and for Escherichia coli (1) 

Adenme, which was found to potentiate piopionate inhibition m 
Escherichia call (1), had no effect upon yeast oi Acetobacter siiboxydans 
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DISCUSSION 

Following the development of the Woods-Fildes theorj' of metabohte- 
antimetabohte relationships (7, 8), experiments of the tjiie earned out b} 
Hams and Kohn (9) and bj^ Shive and Macow (10) with vitamm analogues 
as mhibitoi's have rather clearly established the pnnciple that a growth 
factor which competitively counteracts a specific inhibitor can be replaced 
■with greater effectiveness bj'' other compounds v hich normall}' are formed 
from the growth factor This is e-xplamed by assummg that the inhibitor 
retards onlj^ the enzjmie sj'’stem in which it competes, and that it is m- 
capable of entermg into successive biosjmthetic reactions m the cell 
Viewed m reverse fashion, this concept has also been utilized (10, 11) to 
identify precursors of growth factors, against which specific inhibitors maj 
be much more effective than against the growth factors themselves Since 
propionate is far more effective agamst ^-alanme than against pantothemc 
acid, apphcation of the above pnnciple would mdicate that propionate 
mterferes "with reactions which precede the utihzation of the xntamin itself, 
such as the sjmthesis of /S-alanme or the tv o reactions proposed at the outset 
of this paper 

The first alternative mechanism proposed to e-xplam propionate mhi- 
bition, namely that j3-alanine combmes with propiomc acid, nov seems im- 
probable, however, masmuch as /3-alanine is mcapable of completely re\ ers- 
mg higher levels of propionate Moreover, the great supenonty of 
pantothenic acid over ^-alanine m reversmg the mhibition makes such an 
explanation seem doubtful, as does the fact that propionate is se\eral 
hundred times as effective an inhibitor as acetate, and is correspondmgl} 
more easilj counteracted by /5-alanine The obnously closer structural 
relationship betveen propiomc acid and /5-alanme has been pomted out (1) 

The final question of whether propionate mlubits /3-alanme utilization 
directly can be answered by the experiments with j east Smee thi'; organ- 
ism cannot sjmthesize the nutnhte, it should be relati\ch msensitnc to 
propionate if the latter were merelj' capable of blocking ^-alanine sj-nthesis 
(1) The observed great sensitmt} to propionate and the ready reier-al 
by (3-alanme, on the other hand, indicate that the utilization of (9-alanmc is 
impaired by this inhibitor Such impairment, it vould seem, could be 
brought about onlj bj (a) either the combination of propionate with pantoic 
acid or (6) the combination of propionate mth some other cellular con- 
stituent, thus resulting in the failure of /3-alanine to become =unilarly com- 
bined Since it lias already been shomi that propionate does not combine 
vatli pantoic acid, the last mechanism appears to be the most likeh one 

In a prc\aous publication dealing wath the effects of \ anous mlubito’-- 
rclatcd to pantoic acid and pantothenic acid (12), it vas suegested that 
nantoic acid is attached to cellular enrvmes through one or bodi it = 
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liydioxyl gioups This suggeslion is in line with the ob^crviilion liv JAp- 
mann and cowoikeis (13) that ilic bulk of the i iImuiiii h in bounrl fonn, and 
that it inaj'' be iclensod in huge degiccs b> digi’^lion with a phosphodiester- 
ase The hydioxyl gioups of pantotln'iiie mid aiipesi to be logical imints 
for phosphate attacliment 

In an attempt to undeistand the niainiei m whidi ^-alanine liecomcs 
attached to pantoic acid in these oiganisms, the glow (h-promoting actiiitj 
of /3-alanmc m loiv concentiaf ions and the ease with which it reicrsos 
piopionate inhibition appeal impoilant Both of the'e obsciiations sug- 
gest that tins nutrihte is also attached to an oii/ime, although the competi- 
tive behavior of propionate points to a weak attachment Moi cover, the 
eventual coupling of /3-alaninc to pantoic acid would rtquiio anj piciiou-ly 
formed /S-alanme-piotem complex to be casilv dissociated In this scheme, 
tbe protein itself would thus serve as a catalxsl , bnngwig about the couplmg 
of the pantothenic acid moieties 

Although the above scheme is speculatue, it aceouiits satisfactonl} for 
all of the recoided observations icgaidnig the formation and utihration of 
pantothenic acid which have come to our attention Tlie superiority of 
pantothenic acid ovei /3-alanine in leveising growth inhibition (not only b} 
propionate but also by glutamic acid and othei ammo acids (0, 14) is casili 
explained, if it is assumed that these compete with /S-alamno foi attachment 
to the piotem, as explained above Such competition would, of couiso, be 
impossible wdierevei pantothenic acid scivcs as the giowth promoter 

The authois wash to acknowdedge tlic technieal assistant e of Ruth S 
Langdon 


SUMMAUl 

The inhibition of the grow^tli of yeast and Acctobactcr subovijdans by 
propionate has been observed, and the relation of j8-alanmc t o t Ins inliibition 
has been studied 

From the results obtained, it appeals that piopionate inhibits giowth bi 
competing with /3-alanine for attaclmient within the jeast cell, theicb}" 
preventmg the coupling of the pantothenic acid moieties 

The preparation of piopionyI-)S-alanme is desciibed 
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1 THE SYNTHESIS OF NUCLEIC ACID AND PROTEIN IN ESCHERICHIA 

COLI B INFECTED WITH T.r+ BACTERIOPHAGE 

Bt SEYjMOUR S COHEN 

{From the Children’s Hospital of Philadelphia (Department of Pediatrics) and the 
Department of Physiological Chemistry, School of Medicine, 

Uniiersity of Pennsylvania, Philadelphia) 

(Received for publication, August 28, 1947) 

The T 2 r+ and T 4 r+ viruses are tadpole-shaped bactenophages (1, 2) tv hose 
biological properties and relations to other bactenophages have been re- 
viewed by Delbruck (3) The viruses have been isolated by differential 
centrifugation from bactenal l 3 'sates (2, 4, 5) and some chemical and phj^si- 
cal properties of the concentrates have been studied (6-8) 

About 40 per cent of desoxjmbonucleic acid (DNA) has been found m 
preparations of the viruses (4, 7) and a salt of polimienc DNA has been iso- 
lated from active or irradiated Tst^ and T^r^ m high jneld (9) Tajdor has 
claimed that nbonucleic acid (RNA) is also present m vanable amounts in 
T 2 r+ (7) This report has been analyzed elsewhere (9) We have been 
unable to find evidence for the existence of RNA m preparations of T 2 r+ and 
T 4 r*', at least 99 per cent of the P content of the vnruses can be accounted 
for as DNA (4, 5, 9) The data m this and the foUoirag studv (5) show 
that cells infected ivith T 2 r+ do not appear to sjmthesize or metabohze RNA, 
despite a rapid synthesis of DNA in these cells It appears unlikelj , there- 
fore, that RNA IS a constituent of either varus 
It has been observed in the Escherichia coh-Hc sj^stems that (1) the normal 
host cells synthesized far more RNA than DNA (7), (2) the varus contained 
large amounts of DNA and no RNA, and (3) dunng the multiplication of 
the varus, bacterial multiplication was inhibited vvathout affecting the rate of 

0 2 consumption or the rq of the bactena (4) The following questions 
w ere posed (1) Which, if anj% of the nucleic acids w as sjaithesized after 
infection? (2) YTiat happened to phosphorus and nitrogen assimilation 
during infection? 


Materials and Methods 

In the bacteriophage sj stems, independent host cel’s maj be simultaue- 
ouslj infected wath several varus particles Large numbers of infected host 
cells maj thereb 3 be studied, all in approvimateh the same pliase of v irus 

• The Mork described m this paper «jis iissistcd h\ the Office of Naval Research 

231 
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pioduclion The multiple mfeelion technique proMde'. ii method of study 
of n, single geneiniion of mi us mult iphcnt ion 

The 1 ' Facto) — Accoiding to llcishej' (10) and Docimann (pei-oiial com 
mumcation) these viiusos possess the heieditniy piopeiU termed i^ which 
affects lysis as follows In a dilute siisjieiision of infected cdK, ('-•'entmlly 
maximal hbeiation occuis m about 30 to 10 minute-. In a concentrated 
suspension, the fust small iiciccnlagc of infected cells that ly-.c liberate r^ 
vnub pai tides wdiich aic lapidlj icadsoibed to the other non-hsed colls 
The adsoiption of i ' mi us to a cell wine h alieady has i ‘ Mrus within it in- 
hibits the hsis of the cell foi tiO to 00 miniites more, iieumtling eontinuing 
virus multiplication within the h ms-mlnbited tell The phenomenon is of 
assistance technically, because laigei amounts of new ‘-ub^-lanec can accu- 
mulate in the extended pc'iiod of multiplication within the ll 0 ^t The r^ 
chaiacteiistic may be lost In siionlancoiis mutation to ]iroducc an i Mrus 
wdiich IS not lysis-mhibitoiy 

Picpaiatwn of Virus — The piiiificalion of T;d fiom lysatci in the am- 
monium lactate medium (F) and milrieiil biolh (NI b\ dilTcrcntial centrifu- 
gation has been dcsciibcd (4) Most mi us concentiates used m this stiidj, 
whether deined fiom F oi N, j c Tn-F oi 3VN, wcic puiified by the differ- 
ential centrifugation proccduie from lysates resulting fiom a 'Single genera- 
tion of virus production undci conditions of multiple infection (5) Varia- 
tions in the preparation of infecting virus did not appear to affect the course 
of the phenomena described below ^ nus concentiates were «uspcndcd in 
0 85 per cent NaCl Then assay has been dcsciibcd (8) 

Prepaiahon of Ulhamolcl-liiadialcd Virus — Puiified miu-> concentiates 
in 0 85 pel cent NaCl weie niadiated in the apparatus dcsciibcd and kindly' 
loaned by Dr W Henle of this Hospital (11) The agitated vnus solution 
was kept 2 inches from the lamp for 20 to 30 second peiiods to i educe the 
titer of active virus by a factor of 10® to 10® 

Preparation of Noimal and Infected Bactoia — The growth, assay', and 
turbidunetnc standardization of the bacteria, Esclmichia coh B, from F 
medium and bioth (N) have been described (8, 12) In aerated F and N at 
37°, the division times in the logarithmic phase were 60 and close to 30 
minutes, respectively In most experiments, the concentration of bacteiia 
was about 2 X 10® per cc , m studies involving protein synthesis, bacteiia 
were giown to a concentration of 2 X 10® per cc , centrifuged, and resus- 
pended at a concentration of 10® per cc At the desired bacterial concen- 
trations, virus w'as added to produce multiple infection, i c , thiee to five 
virus particles per cell Infected cultures were vigorously aerated The 
experiments w'ere done in F medium unless otherwise stated 
Analysis — ^Aliquots of the cultures were precipitated by the addition of 
50 per cent trichloroacetic acid (TCA) to give a final TCA concentration of 
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5 per cent The mixture was chilled 15 to 30 minutes and centrifuged 10 
mmutes at 4000 r p m The supernatant fluids were poured off and the 
tubes were drained Tuo additional washmgs with cold 5 per cent TCA 
were used if the end-product was to be analj’’zed for phosphorus or mtrogen 

Phosphorus u as detenmned by the King procedure (13) Nitrogen was 
estimated b}" the micro-Kjeldahl method, mth a 1 hour digestion in a 
HjS 04-K!S04 mixture with CuSO^ cataljst 2 drops of 30 per cent 
H2O2 Mere then added and the digestion was continued for 1 hour 

DNA was detenmned on the dramed sediments b3' the diphen3 lamine 
piocedure (14) in Klett colonmeter tubes With bacterial substance corre- 
sponding to 1 to 2 X 10® bactena, the heated mixtures gave colonmeter 
readmgs mth a No 540 filter of about 20 before infection to > 100 near the 
end of nrus S3'nthesis The values of DNA are given in terms of free acid, 
since the standard sample of the neutralized DNA was standardized b3' its 
P content, the free acid (DNA) being considered to have 10 0 per cent P 
The theoretical P content of a pol3Tnenc DNA consisting of repeated tetra- 
nuclcotides is 9 97 per cent 

Pentose nas determined b3 the Mejbaum modification of the Bial reac- 
tion (15) on TCA precipitates The pentose m p3Timidme nucleotides is 
not estimated by this procedure The standard for the'e estimations wa^- 
D-ribose and the color u as read m a Idett-Summerson photoelectric colonm- 
eter Mitli a No 660 filter Determinations on unsedimented samples rich 
in lactate developed green colors slight^ modified b3 bioim, neiertheless 
the relatne constanc3" of these lalues indicated that pentose, including an\ 
non-PiN V pentose, did not accumulate The absence of a cliange in pentode 
dunng S3’nthesi& is considered to cigmf} the constanci of RNA Tlie 
RNA content of Esdunchia coh B was about 3 times the DN\ con- 
tent (7) 

Suhslaucrs — The preparation of DNA has been desenbed fS) n-Ribose 
had been prepared b3 the late Dr P \ Le^ ene of the Rockefeller Institute 
5-Meth3dti3'ptoplian was gencrou^h supplied b3’ the Mmthrop Chemical 
Compan} Parenaraine is an acid 113 drol3 sate of casein, supplemented b\ 
tr3'ptophan, and was obtained from Fredenck Steams and Compan3 It 
was neutralized before use r^Glutamic acid was a Merck product 

EXPERIMENT \L 

Synthesis of D\A in Infected Cells — A bactenal culture (200 cc at 3 5 X 
10® cells per cc ) was dmded into two portions, to one of which was added 
0 32 cc of a T2r^ concentrate w iih a titer of 3 1 X 30” per cc The turbidi- 
ties and the t irus and bactenal contents of the suspensions were determined 
DN w as estimated in 8 cc aliquots The data on this expenment are pre- 
sented m Fig 1 
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In tlic uuuifcctccl cullmc the vmblc baciciinl counI, inrlndity, and DNA 
inciea&cd cxponcnliallv foi lioui'. In olla r ('xpcnnK-nls of (his ijpc, the 
slope of the log tin bidity-1 line cunc was fierpirnlly less than (hat of the log 
viable coiint-iimc cinve, indicaling a dccioase of the si7o of indiiidunl bac- 
teiia dming this pciiod In the mfecled eultuio, (hr ronnt of bacteria 
capable of foinnng colonies fell to a ven small \aUH as a nus was adsoibcd 
The niimbci of infectious ccnteis fell to the le\el of infected bactena, r c to 
about one-third of the oiiginal vans added, and remained constant for a 



Fig 1 Deso\ynbonucleic acid (DNA) sjnthesib m normal and T:r+-mfccted 
Escherichia call B in F medium The ordinate represents 10* bacteria or virus par 
tides per cc , 0 01 mg of DNA, or 10 units of turbidity 

peiiod At 2 houis, vnus appealed, becoming mavimal at 5 hours (5) 
Despite the liberation of virus concomitant with the lysis of the host, tui- 
bidity remained loughly constant A possible explanation appears to be 
that lysis of r+ viius-infected cells, under the conditions given, begins wuth- 
out considerable fiagmentation and, pioteolysis being relatively w'eak, large 
fragments of cellulai ddbris remain foi many hours and scattei light 
In the umnfected culture the tmbidity and DNA almost doubled in the 
1st houi In the infected cultme, during the same time peiiod, there was no 
significant mcrease m turbidity, smee only a few per cent of bacteria w^ere 
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lysed, but the DNA content had more than tnpled The rate of DNA 
synthesis per infected cell in the 1st hour of the e-qienraent was about 4 
tunes that of normal dindmg cells Therefore, despite the inhibition of 
bacterial multiphcation, the synthesis of this \Trus constituent was mark- 
edly increased It will be shown m Paper II that much of this newl}' 
synthesized DNA can be isolated m the virus (5) 

Effed-of 5-Methylirypiophan on Nndeic Acid Synthesis — ^5-]\Iethj Itrypto- 
phan (5-MT) will inhibit Ts or T^ multiphcation m this sj'stem without any 
effect on O 2 consumption (16) The compound is mhibitorj'- because of its 
competition with tryptophan at sites of protem sjmthesis (17) The inhibi- 
tory effect of 5-MT on virus sjmthesis is completelj’^ reversible on addition 
of tiyptophan (18) 

At low bactenal concentration, 5 X 10“^ m 5-MT in F medium was m- 
vanably inhibitory m the absence of added ti^yitophan At about 2 X 10® 
bactena per cc , the effect of 5-jMT was more variable Ibrus multiphca- 
tion after infection m the presence of 5-MT was inhibited for only 1 to 3 
hours Furthermore, interruption of virus sjmthesis after it had begun was 
not always successful at these concentrations, and, v hen it occurred, seldom 
lasted more than ^ hour Nevertheless, since 5-MT u as a specific antime- 
tabolite for an essential protem constituent, it v as of interest to determme 
whether the inhibition of protem sjmthesis affected DNA sviithesis It v as 
found that bactena infected mth T* m the presence of 5-MT were incapable 
of synthesizing protem-bound DNA for se%eral hours tj^pical expen- 
ment is given m the following section 

Absence of Synthesis of RN'A in Infected Cells — Both DNA and RN V v ere 
followed m infected cells m the presence and absence of 5-MT 1 minute 
before addition of \'inis 10 cc of 5 X lO"’ si 5-MT m F medium n ere added 
to a 100 cc ahquot of a bactenal culture After infection, the turbidities 
were determined as neU as the DNA and pentose contents of the TCA pre- 
cipitates The results are gisen in Fig 2 

In normal cells, RNA was sjmthesized at a rapid rate (see pentose in Fig 
3) Honever, throughout infection RNA was constant, in contrast to the 
stimulated sjmthcsis of DNA RNA was not sjTithcsizcd m 5-MT-treated 
infected cells, even when there was inhibition of both \nrus multiplication 
and DNA s 3 -nthesis 

Nudcic Acid Synthesis inCclls Treated with Ultraviolet-Inactiiatcd Virus — 
Ultra%nolet-iiTadiated nrus inhibited bactenal multiplication without 
change in the rate of Oj consumption or n q , although nrus was not being 
sjnthesized (4) It was of interest to know whether nucleic acid was sam- 
thcsized under these conditions To one of three aliquots of a bactcn-'l 
culture was added a T- concentrate containing 5 G X I0’° actuc \arus per 
cc To another was added thesameamountofpreMousla irradiated concen- 
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Uatc (active viiub content ot 10'’ per ec ) The data on (he Uirbiditj, 
DNA, and total pentose contents of (he cuUuks ate pte-ented in log 3 
Aliquots of 8 and 2 ec weic used foi (he DN V and pento^-e deleunmntions 
lesjicctivclv 


Vcc 



B T? 

+ 5 MSTMVl 
TRYPtOPH^^^i 



Fig 2 DNA lud pentose svnthosie in Tif mfected /^sc/icnc/ao coh B in I medium 
m the absence and presence of 5 X 10-* m 5 metli\Ur\ ptoplmn 



Fig 3 DNA synthesis in a normal bacterial culture and in bactciia treated with 
active or irradiated Tjr'’' 

In the normal bactetia, tuibidity, DNA, and RNA mci eased thioughout 
the experiment In the bacteria infected mth active vuus, DNA mcieased 
markedljq while pentose lemamed low In bacteria tieated with iiradiated 
vuus, DNA sjTithesis was completely inhibited over a 2 houi peiiod, during 
which time total pentose mcieasd slightly The natuie of the late DNA 
mciement m this experiment with iiiadiated virus is not undei stood 
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Phosphorus Assimilatwn and DNA Synthesis — -Phosphate assimilation 
in the protem-bound phosphate fraction m normal and infected bacteria 
lias examined to see whether phosphoms-contaimng compounds besides 
DNA were bemg sjmthesized Infected and normal cultures at 2 X 10* 
bactena and 10* Tj per cc were incubated for 2 hours In this interval the 
turbidity of the infected culture mcreased only 10 per cent The DNA, 
nitrogen, and phosphorus contents of protem-bound constituents are pre- 
sented m Table I 

In the normal bactena, one-quarter of the protem-bound phosphorus was 
DNA-P, the remamder was for the most part RNA-P, but also mcluded 
small amounts of phosphohpides (7) As the bactena approached the end 
of their loganthmic phase after 2 hours, a shght decrease was obsen ed m the 
proportion of phosphorus appeanng m DNA Nevertheless, the molar 


Table I 


SynthcBts in Normal and Tt-Infected Escherichia call B 


Culture 

N per SO cc. | 

P per £0 CC. 

[ 

I 

jDNAper £0 cc. 

i 1 

DNAP 
Total P 

I 

MoIat ratios, 

i 


mg 

r-f 

i vtg 


1 

B at 0 hr 

0 333 

0 0602 

1 0 154 

0 26 

12 2 

“ " 2 hrs 

1 229 

0 2219 

i 0 422 

0 19 

j 12 2 

Bs - Bo 

0 896 

0 1617 

0 26S 

0 17 

1 12 2 

B T. at 0 hr 

0 307 

0 06S5 

0 179 



“ “ 2 hrs 

0 430 

0 1053 

0 545 



(B-T.). - (B-T.)o 

0 123 

0 036S 

i 

0 366 

0 99 

7 3s 


N P ratio"^ ^\ as essentiallj unchanged m the culture tlirougliout this pcnod 
Giosslj, then, normal bactena sjaithesized normal bactenal constituents m 
nearlj the same propoitions m which thea vere ongmalh prc^nt 

In infected bactena, the increments of nitrogen and phosphorus were far 
less than m the normal dmdmg bactena Hov e\ er, the amount of DNA 
formed m infected cells was greater than that formed m 2 hours m the 
normal culture Tlie DN\ m infected cells almo=t exacth accounted for 
the phosphorus as‘'imilated bj those cells 

In tlus expenment the N P ratio of the increment m the infected cells 
was 7 4, m contrast to 12 2 for normal cells The former figure is the ratio 
charactenstic of T:r~ which has been found to be 7 2 to 7 6 when isolated 
from F or N U sate=: Thus the matcnal ^mthe^ized m infected cells in a 
2 hour interval had the N P and DN\-P P ratio characten=tie of T--^ 
baetenophage 

Rates of D\ A and Prolan Synthesis — It appeared that \nru=-infccted cell= 
sjTithcsized c irus or a irus components alone, m contrast to normal bactena 
which s 3 mthesized sec eral tj-pes of substances, such as nucleic acid, proteins, 
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and enzymes Studies weie nndt'itnkt n tn <letcimin<- wlielliei e\ponentml 

mci case of these t oust Uuents tn vomi ntfiei t^}n'so^gro\^tfu\u^^Mflauutc^ 

izc Mills u'pioduetion ininfet led (('Ik '1 lie foimr'i, (h iibed in lug 1, 

IS chauicteustic of DN.V m ci'lls m a noumd (idliue vmd('i the condition': 
employed 

Synthesis was fiiststudiedmlhenounul peuodnfvirU'> synthesis, the non- 
h sis-inhibiled peiiod In a ti paal expenmenl, bat U im weic ( oneentinted 
by cent iifugat ion and lesuspcnded in F mednini Aftei iiib'clion with file 
1 11 us pailiclos pci cell aliquots foi total N .ind DN \ anah scs were lenuncd 
at 5 minute intcivals The I3NA mciements weie <on\til<d to nucleic 
acid N by multiplying by the facloi 0 1(»9 IVotcm X w as considered to be 



Fig 4 DNA and protom sjnthcsis m Eschcrichw coh B mfocted with T:r+\irus 
before the onset of lysis inhibition The ordinate presents increments o\cr initial 
values 

total N minus DNA-N The mciements of both protein N and DNA-N 
aie piesented m Fig 4 The following points weicobsei red ( 1 ) The cunes 
of sjnithesis of DNA and piotem m infected cells were linear and not expo- 
nential, ( 2 ) piotem synthesis staited at the beginning of infection, ( 3 ) the 
increment in DNA appealed fiom 7 to 10 minutes aftei protein symthesis 
began, (4) iftheinciementmDNAweieconveitedtoanincremcntinP, the 
ratio of the lates of mciement of N to P m the expeiiment m Fig 4 was 
found to be 12 4, the value for noimal bacteiia 
The most active concentiate of To studied had 1 6 X 10'* infectious units 
per miciogiam of DNA In five expeiiments, DNA mciements of 2 2 to 
267 were obtained by 2 X 10® cells in 25 minutes, jueldmg an equivalent 
of seventeen to tiventy To pai tides per cell m that intenml Since our most 
active Ts pieparation probabl}:' contamed some inactive viius, this repre- 
sents a minimal figme Nevertheless, this agrees with the amount of Ta 
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liberated from Escherichia colt B m F medium, i e , about twentj' virus par- 
ticles per cell (18) 

In four experiments of this type the following ratios of the rates of mcre- 
ment of N to P were obtamed 13 2, 12 6, 11 7, and 12 4 Therefore, m the 
non-lysis-inhibited system, i e before 30 mmutes, the ratio of the rates of 
utihzation of N and P u as approximately the same as m the normal cells 
However, in four of five experiments m which these rates were determined 
over a 2 hour penod m infected cells, it was observed that the rate of protein 
synthesis was sharply reduced between 30 and 50 mmutes, while the rate of 
DNA synthesis was imchanged, as in Fig 5 This effect was possiblj^ due 
to lysis inhibition appeanng soon after the first hberation of and readsorp- 
tion of r+ virus Thus, after 30 mmutes, the ratio of X to P continuall}' de- 


f/cc 



Fig 5 DKA and protein synthesis in Tjr'*' infected Escherichia colt B before and 
after establishment of Ijsis inhibition 

creased until it approached that of \urus At this point, occurring at about 
2 hours, sjmthesis of DNA abruptly stopped At this time \ irus began to 
appear and a rapid decrease m TCA-precipitable X ensued, mdicatne of 
proteolysis accompanjmg bactenolysis 

Inhibition of Protein Synthesis by Irradiated Virus — Ultra\rolet irradia- 
tion reduced the actmtj of T- b 3 a factor of S 5 X 10' Fulh nctuc T; 
or irradiated Mrus was added to bactcnal cultures concentrated to 10’ per 
cc .‘Hiquots w ere rcmoi cd for X and DX \ analj sis at 0 and 120 minutes 

Data on the X and DXA mcrements after 2 hours are presented m Table 11 
In the bactena infected with actne T;, samthesis of DX V and protein oc- 
curred in the ratio approximating that of nrus On the other hand, the 
bactena which adsorbed ultra\iolot-inacti\ated aims did not increase their 
protein-bound X content after a 2 hour inten al 
Initiation of DX 1 Synthesis — It has been demonstrated that DX \ doe- 
not increase for 7 to 10 minutes after infection Pour lines of caadcncf* 'me- 
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gest tlml. this rcpu'sonlcd Iho tunc iictcssaiy for tlu' ‘'\ of \iius pep 

tidcb as a pioicquisile foi DMA ‘'Mitlic^is (1) ]’ro(('in nns iiUif «i7C(l 
fiom the beginning of infottiun That tins mis iiuiccd Mnib piolrin Mas 
suggested by the a iial latio of N to P at the end of the h sis-inlnbitcd imilti 
plication (2) DN V synthesis stopped when the cmcst of protein was 
maikedh depleted as the final latio iijipioaehtil that of \inis (3) 5-Mcth 
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Fig 6 DNA synthesis in Eschcnchta colt B of the same origin infected m different 
media Tsi"^ The ordinate presents increments ovci initial values 


yltiyptophau pievented piotein synthebis and theiebj pieiented DNA 
synthesis (4) It w^as possible to i educe the time foi tlie beginning of DNA 
synthesis and incieaso the late of DNA synthesis by inci easing the late of 
peptide synthesis This was most cleaily demonstiated by the following 
method Eschencim coh B w^as giown m bioth, instead of in F medium 
Wlieu tins organism w^as tiansfeucd to F medium ind washed ui F, its 
sjmthetic abilities w^eie much slowex than F-giowm oigamsms Under these 
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conditions, mfection in F medium resulted m an extended latent penod of 
virus sjmthesis and DNA synthesis, vnth a lov yield of virus, as compared 
to these fimctions in broth (19) 

Bactena veie giovn m broth to 1 5 X 10® per cc , centrifuged, and 
washed twnce with F medium The washed bactena were suspended at 
their onginal concentration m broth, F, F + casein hydrolysate (1 mg 
pel cc ), or in F + glutamic acid at 200 y percc , respectnely^ and infected 
with T; From the DNA analyses presented m Fig 6, it may be seen that 
the nutnent bioth and amino acid-forti6ed F medium markedly stimulated 
DNA symthesis Some of the difference in the rate of \irus and DNA 
synthesis in these two media can be leduced by further supplementation 
wnth punnes and pynmidines (19) Glutamic acid was the most actnc 
Mngle amino acid supplement However, a mixture of amino acids was 
more efficacious in stimulating \nrus synthesis and DNA synthesis 

Finally, a complete medium has been developed winch supported a rate 
and amount of Mms multiphcation closely appi oximating that m nutnent 
broth (19) Omission of any one of eight ammo acids from the complete 
defined medium consisting of F, n-amino acids, purines, and pyTimidme"! 
resulted in an extended latent penod of DNA synthesis Tlus procedure 
has been used to detect nutntional requirement® for Mrus multiplication 
( 12 ) 


DISCUSSION 

Mter infection, phosphate was apparently channeled mto the formation 
of only^ that nucleic acid charactenstic of \niis, namely DN \ The site of 
the shunt in the pathw ay^s of nucleic acid synthesis producing tlus effect is 
clearly of utmost importance in underetanding the precise nature of the 
parasitic process m this system K nbose-5-phosplnte was the precursor 
to both nbose-3-phosphatc of RNA and desoxynbose phosphate of DNA, 
it IS concen able that inhibition of the formation of the nbose 3-pho'phatc 
could result in the increased formation of desoxymbose phosphate Fiir- 
themiore, since RNA is a common constituent of cellular structures ®uch a® 
mitochondna and microsomes, which are the sites of numerous enrymes, 
the inhibition of the formation of one clement (RN V) of thCiC complex 
structures may prexent the sxnthesis of the remaining component® 

In infected cells, the rates of synthesis of protein and DNA v ere constant 
regardless of the number of \ irus particles formed w itlun the cell It x» ould 
therefore appear that the xarus docs not contain the enzyme® for DN \ or 
protein synthesis and that new enzymes liaxe not been synthc®ized or, if 
sxmthesized, xxcrc not being used for \aru® s\Tithe=is Thu® tin metabolic 
equipment which synthesizes the most complex xiru® component® are tin 
enzymes of Eschcrtchta coli B, presumabh according to the new modeb 
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supplied bj' ilic infecting \ nu‘> })!u 1 1 < Tli'it this nniini'i of \iiuss}nllic- 
sisinay be gencial is suppoiled In the fml of tlu' intr'iiellulnr ( haracter of 
viuis mulliplicalion and the data on the ( oinpcKition of Minoiis iiniscs 
infecting plants, animals, and Ivieti'iia, indinting limited structural and 
enzymatic equipment m these pauisites (i, !)) 

A constant latc of synthesis m itself mu} iiKueU uuheate ^ome limiting 
factoi in the duplication piocess and doe-i not dunueiti the po^iibilitj of a 
“doubling” piocess The limiting faotoi ma> be of the eleu actor of limita- 
tion of substiatc, encigj' supph, or (n/\me sUc' oi lombination of these 
Regaidless of the leason foi the constant inte, throt' t^ jies of oMdcnce sug- 
gest that the cuivc of the s\nthesis of piotein-bound DXA is indeed a 
measuie of the latc of anus synthesis (1) Lima and Lataijet ha\c shown 
that a single hit ultiaviolct inactn ation cui \ c is obtained for singh infected 
cells for the fiist 7 minutes aftci infection (20) After this time, which 
coincides closely ivith the beginning of an mcieasc in ])XA, there occurs a 
slight defoimation in the cuivc which thej intei pict as “probably an indica- 
tion that some multiplication has staitcd b\ this lime ” (2) The amount of 
DNA synthesized by infected bactciia in 1' medium m 2o minutes npproM 
mates the amount contamedinthcMiuslilieiated fiom the bacteria at about 
this tune Similar correlations have been found for Etchcnchta coh-Ti m 
other media (12) (3) The data of Doermann (personal communication) 

indicate that, in lysis-inliibited sj'-stenis of \nij mg latent peiiods, the burst 
size is 1 oughly pi oportional to the length of the latent pei lod This suggests 
linear viius synthesis during these peiiods Ills data arc consistent with 
the continued linear synthesis of DNA dm mg Ijsis inhibition noted above 

The methods described m this papei have stiongly suggested that (1) 
virus IS synthesized from the components of the medium assimilated after 
infection, and (2) RNA is not sjuithesized m infected cells Since by the 
methods described the possible tiirnoi ci in compounds such as RNA cannot 
be measured, isotope techniques weic employed to confinn these conclu- 
sions Studies wnth ladioactive phosphorus aie picsentcd m Paper 11 (5) 

SUMJIARA 

1 The sjmthesis of nucleic acid and protein has been studied m T: bac- 
teriophage-infected Esclienchta coh B in simple medium, F Ultraviolet- 
irradiated T 2 inhibited the synthesis of these components, in contrast to the 
action of active vnus 

2 In infected cells, only the nucleic acid found in Ts, DNA, wns sjnthe- 
sized in contrast to normal cells w'hich synthesized about 3 times as much 
RNA as DNA In infected cells, essentially all the phosphorus going to 
form protein-bound constituents appears m DNA 

3 5-Methyltryptophan inhibited DNA synthesis in infected cells 
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4 In infected ceUs, protem and DXA were sjmthesized at a constant rate 
in the penod of normal ^^rus multiplication, pnor to the estabhshment of 
lysis inhibition Protem sjTithesis nas apparent from the beginning of 
infection , DXA began 7 to 10 mmutes later The ratio of the rates of mcre- 
ment of N and P utihzation was similar to that of normal cells 

5 The rate of protem synthesis decreased durmg the penod of Ij sis m- 
hibition m most of the e-qienments At the onset of the final 13 - 315 , the 
ratio of the mcrements m N and P approached that of vims 

6 The length of the penod of onset of DNA ssmthesis was determmed b 3 - 
the rate of synthesis of mrus peptides 

7 Some aspects of these phenomena have been discussed 
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It has been shown that Esclienchta coli B infected by Ts bactenophage m 
a synthetic medium, F, synthesizes protem-bound constituents contammg 
phosphorus and mtrogen at a constant rate (1) Evidence was presented 
that suggests that the virus-infected cell sjmthesizes virus constituents 
solely This was most clearly mdicated in the phosphorus metabolism, 
smce the only phosphorylated protem-bound constituent synthesized in the 
infected cell wns that characteristic of %arus, t e , desovjTibonucleic acid 
(DNA) The nbonucleic acid (RNA) content of infected cells did not 
mcrease 

Although the data presented suggested that the materials formed dunng 
infection w ere denved from the medium as m normal celk, it had not been 
proved that the nucleic acid phosphorus found m ^^^us w as not denved from 
cellular substance evistmg pnor to infection, or had not been in normal host 
constituents dunng infection pnor to appearance in ^'l^ls It seemed un- 
hkelj that the virus nucleic acid w as dern ed from the host DNA, since Ee^ - 
eral times more DNA was sjTithesized after infection than was originally 
present However, it was possible that the RNA of the infected cell pos- 
sessed an active turnover jnelding its phosphorus to DNA nucleotides, wlule 
the RNA was continually replaced with nucleotides whose phosphorus was 
denved from the medium 

Two basic problems were therefore posed (1) Was the DNA-P of ^^rus 
denved from the phosphorus in the host pnor to infection’ (2) Was RN \ 
a precursor of DNA? These hypotheses were tested In means of radio- 
active phosphorus, 


EXPERIMENT 4L 

Conditions for Optimal Virus Yield — A single generation of aaru® multipli- 
cation was studied under conditions of multiple infection The possibilita 
was therefore eliminated that the generations of aarus produced after the 
first generation in a medium of known composition w ould be afTccted ba f hr 

' The work described in this paper was aided bj the Office of Naaal Resecrch 
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appreciable amounls of ('oinpl('\ iiioducl'', ladio'u'lue and otlir rwi^e, liber- 
ated by lysed cells Some of the ebemu al pin nomcna and ba'-ic biological 
aspects of this systimi Inuo been deseubed in P'tpei I (1) 

The yield of viius fiom infected (('lb undm (oiahtions of inultijile inftc 
tioii m the aeiatcd F medium at .37” w.is ‘-tudu d at < oncentiutions of o X 
10^, 10®, 2 X 10®, and 5 X 10® bactoiia pei ic It was found that with both 
T" and Ih ma\imal tilcis woie obtained with 2 X 10® baeleria per cc m 
about 4 to G houi& Afloi this time, titeis generalh deiii'ased maikcdh, 
and to a gieatcr extent m T: h'^ates than m 'Ih h-'Vfos This was due 
piobabl}’’ to a combination of se\ei.d faeloi-', le.ulsoiption to cellular debris, 
spontaneous thcimal mactnation, siiiface doiiatuiation, etc In mcw of 
tins maikcd loss of titei, it was consideicd desiiablc to piejmie Mrus hsates 
by a single gcnciation m infected cells for a G hour period, to mminu/c the 
destiuction of viius activitx 

Dislnhulion of DNA and Piolcin-Bound P in 7’; (ind 'i\ Lysaks—Two 
types of expel nnents w ci c done ( 1 ) Bactci la w ere gi ow n in media contain- 
ing ladioactixe P, washed sc\cial tunes, and infected in media containing 
non-iadioactive P, (2) bactci la were giown m media ficc of P^* and in- 
fected in the presence of P®* 

The following typical contiol experiments were pciformcd to indicate 
whether (1) the expeumcutal conditions cmplojcd would peimit the isola- 
tion of sufficient viuis foi ana^hical pui poses, (2) virus isolated by these 
procedures wmuld be vciy low m inoiganic P and otheiwisc possess the 
piopei chemical piopeitics, (3) the newly s^mtheswed DNA appeared in the 
virus fraction Bacteiia w'cic giown to 2 X 10® pei cc in F medium Two 
125 cc aliquots weie sedimented and the bacteria washed twice with 0 85 
per cent NaCl Each aliquot w'as lesuspendcd m 125 cc portions of F me- 
dium to wdnch w^ere added an adsoiptioncofactoi , 12 cc of 5 X 10~® m ti^'p- 
tophan in F (2) To these bactciial suspensions (A and C) were added 
small volumes of purified concentrates of T4r+-F and T:r+-F to give cultures 
T4A and ToC containing 6 X 10® vnus particles pei cc The viius concen- 
tiates w'eie also added to unw^ashed bacterial cultures (B and D) in F me- 
dium at the same concentiations to jneld T4B and T2D, B contained 5 X 
10“^ M tiyptophan The foui infected cultuies w^eie assaj’-ed periodically, 
the titeis follow^ed the couise desciibed pieviously 
After 5 hours at 37°, the T2 and T4 lysates weie stored foi 13 horns at 4° 
Very little inactivation occuiied, the final titers w^eie T4A 20 X 10'®, 
T4B 40 X 10'®, T2C 1 5 X 10'®, T2D 1 5 X 10'® active vuus pai tides per 
cc The l3’-sates weie analyzed foi total protein-bound P and DNA (1) 
They w^eie sedimented at 4000 r p m foi 30 minutes and the sediments w^ere 
washed twice wnth cold 0 85 pei cent NaCl The supernatant fluids were 
sedimented at 10,000 r p m for 2 hours, and the supernatant fluids from 
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this high speed centrifugation, containing more than 5 per cent of the 
activity of the lysate, were anal3'’zed for protem-boimd P and DNA Virus 
was isolated from the high speed sediments as descnbed pienouslj (3, 4) 
The distribution of these substances m the four Ij sates is given in Table I 
It may be seen that the largest amounts of DNA and P appear m the 
virus-contaming fraction, t e , the high speed sediment "When this fraction 

was resuspended m 5 cc of 0 85 per cent KaCl and centrifuged at 4000 
K p M for 30 minutes, appro'amatel3’- 25 per cent of the DXA of the fraction 
had become insoluble After dialysis of this supernatant fluid against 
nmnmg water overmght, the once sedimented nrus concentrate had 
DNA-P to total P ratios which were verj' close to 1 0 These v alues for 
isolated dialyzed virus after one differential centiifugation cj^cle nere 


Table I 

Dislnbulton of Protein-Bound P and DNA tn Lysates of Infected Baetena 


Virus lysate 

Analyses 

Initial total 

Total ly«ate 

speed 

sediment 

High speed 
mperaatant 
fluid 

High speed 
sedimcntcoQ 
tatnmg Mrus 

TiA, 97 cc 

p 

IT'S 

ir{ 

0 210 

per cent 

31 

ftr Ctrl 

29 

{■(r cert 

40 


DNA 

0 213 

1 49 

25 

37 

38 

T«B, 105 “ 

P 

0 141 

0 263 

19 

21 

60 


DNA 

0 220 

1 SO 

17 

21 

62 

TjC, 96 » 

P 

0 161 

0 275 

27 

22 

51 


DNA 

0 275 

1 63 

29 

20 

51 

TiD, 92 “ 

P 

0 148 

0 260 

33 

17 

50 


DNA 

l^ygjjH 

1 36 

35 

16 

49 


T<A 1 05, T4B 1 00, T»D 1 02 Thus the conditions descnbed abo\ e v lelded 
fractions with the charactenstics of i-irus nhose morganic P contents were 
so low as to be undetectable 

Infected cells may s3Tithesize as much as 7 to 8 tunes o': much DXA as 
was onginallj' present In manj' cases, at least 3 times as much DX \ was 
isolated m the virus as w as present m the baetena at the onset of infection 
It IS considered probable that DXA formed after infection and not rccoi - 
ered in isolated \nrus w as nev ertheless onginalh' part of the v iru=: and w as 
lost either bj' adsorption to ddbns or bi becoming insoluble as a result of 
high speed centnfugation Xo indication has been obtained in prepara- 
tions of either T-r*' orTii^ bacteriophage from F h sates that a phosphor} 1- 
ated compound other than DXA is present in either \arus rurthcrmorc, 
in contrast to the obsciaations of Tavlor (5), preparations of the=e viruses 
from nutrient broth I3 sates prepared from infected cells as dc=cnhcd abo\e 
also possessed DX V-P to total P ratios of 1 0 (G) Hence no eiidcncc In'; 
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been ohtninoil to confuin tiie npoit ftf 'J'n\lor tbnf T-r‘ mhis contain 
iihonucleic ucid (5) ll ( on^iiieu d p()'"'ibl( llmi tlnMuelliod of i-olaling 
vnus fioin .“) to 0 hoiii h- Ues (I< >'( iiIk d ni)o\(' ‘i -isP in tlic ronnnal in the 
lo\^ speed K'dnnent ol biiclttial (oinpoiunt^f contiinini; KN'\ Since pro 
icolvw‘> n\ i' s^btemb is ulntueh wonic, the ]nolon};(’d penud ii-ed b\ 
Hook cl ul (7) in the pK'p.untion of h-ite- nn\ Incf n^ni'led tlir degra 
diiiion ol bucleiud clebiis to a si/c uhuh would not ‘■(dinunt at a low ^pef'd 
but would at high spoocK I'loteohsis in i* K\.,|(>nH in h medium 
c\en Ic^s piononnced than in bioth 

Syttlhci,!'^ of Vvu'i in ha^nUfl (’tlh --iSmall imu nla of bailena were 
grown to 2 X pei ec in 12') alupiols of ]• medniin containing 002 to 005 
milhume of P^- in 13 7 mg of inoigame phosjihate More Ih in 00 per cent 


Tcni-i n 

Radiottctivily of 1 inis Isolated after iSt/ri</i(-f in /o j nhilrd Cclh in Media / ree of P’' 


Viru"! isolated 

DNA r 
Toni r 

in \itu5 

1 

J llactcni 

t 

1 

\ irui 

Re!iti%e ndiMC 
tivit\ 

sirujr 
Tost f 



^ccttnfj fer JO y P ptr 

\ nm 

ccuris per 10 y P per 
ntn 

f'r rent 

Tjr+* 

1 00 

' 222 

33 

H 

Tsr+t 

1 00 

203 

")3 0 

IS 

T4r+* 

1 01 

37 8 

5 9 

If, 

Ta+t 

1 OG 

1 293 

I 

o3 3 

IS 


* Virus to cell ratio 3 0 
t Virus to cell ratio 5 0 


of the P of the bacteua was derned from the P of the medium The cells 
w^ere wmslied twice wnth 0 85 per cent NaCl The second washing con- 
tained less than 0 1 per cent of the ladioactivity of the oiiginal medium, as 
deteimmed on a Geiger-Mullei coiintei, Irindly loaned by Di H D Biun- 
ner of the Depaitment of Pharmacology of the Univcisity of Pcnns 3 dvania 

The ladioactive cells weie lesuspended m 131 cc of F medium containing 
2 5 X 10“^ "It tiyptophan Purified T;r+ oi T4r+ vnus was added and the 
infected cultuies weie incubated for 5 hours and regulaily assaj ed foi mms 
duimg this Intel val The lysates weie stoied at 4° overnight and virus was 
isolated as pieviously described 

The DNA contents of the initial cultuies, final lysates, and isolated vnus 
were detei-mmed The ladioactivity of the vnus wms compaied with the 
radioactivity of the uninfected host cell pei unit w eight of P Samples of 
knoivn P content were digested m 1 2 cc of 60 pei cent peichloiic acid and 
diluted to 10 cc after the solutions W'eie neuti ahzed to pH 4 The counting 
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chamber was filled perfusion and held identical ahquots of shghtly more 
than 3 cc The background was determmed between samples and jnelded 
8 to 11 counts per minute This was subtracted from the count on the 
sample Samples and the time of counting were adjusted to yield 100 to 
1000 counts Compansons of samples w ere made at similar total counts 
In Table II are presented data on four expenments of this type, m which 
the increments in DNA m the infected bactena and the yields of isolated 
virus were comparable to the data presented previously The radioactmt 3 ' 
of the virus isolated after sjmthesis under these conditions was far lower 
that the radioactivity of the host P It has therefore been concluded that 
most of the P orgamzed mto virus is denved from the medium after m- 
fection 


Table III 

Radioactivity of Virus Synthesized in Unlabeled Cells in Uedta Containing P” 


1 

Virus isolated 

BNA P 

Total P 

F medium 

Vims 

Kelative radio &c 

j 


in virus 



medium P 



counts per iO t P per 
nxn 

counts per 10 y P per 
mn 

j per cent 

T5r+* 

1 04 

443 

316 1 

71 

1 

1 00 ! 

840 

633 1 

1 75 

T4r+* 


422 

291 

69 


* Virus to cell ratio 5 0 
t Virus to cell ratio 3 0 


Synthesis of Virus in Unlabeled Host Cells in Media Containing Radio- 
active Phosphate — Bactena were grown m the absence of radioactive P 
Virus was added mimediatelj after the addition of 0 02 to 0 05 milhcune of 
inorganic phosphate and try-ptophan for the adsorption of T< The cul- 
tuies were incubated, and the DNA increments, ratc« of \ani- liberation, 
ind isolated a inis w ere studied as described previou'-h 
In Table III aie presented some data on experiments of tins tjpe file 
I adioaclivitj of the ^ inis isolated after sjaithesis under these conditions w as 
70 to 75 per cent of that of the inorganic pliospliate of the medium TIie=( 
dit.i confirm the proMous conclusion that most of the P organized into 
\ inis Is derived from the medium after infection 
Xvclcic Acid Titriwicr after Tnfcclion — Smee the P^ idded to the Y mi- 
dnini w is issimilated m DNA after infection, the distnbution of the radio 
a(tlMt^ in the infected cell w is studied In a t\-pical experiment baet< n i 
weie giuwai to 2 X 10'' per cc in 1 liter of P medium The cells were centri 
fnged ind rC'iisjK nded in 100 ee of P nuxlium To the culture were iddi d 
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'j 5 c(‘ of 3^1 * n<- 2 2 X 10” pci vv and 1 Tj mj; of I’ m inorpnnir plio^plmtc 
contiuninK aboiif 0 0”) inillKUiic of f’ 'I'lic iiiti-f tid dilturc ua^acmtcd 
vigoioutly at 37° foi I liom \l /mo liiiic and al 1 hour, aluiuol'^ were 
anal'\/ecl foi piolcin-homul 1’. DX nnd ladio ictn il \ 

Tile counts pci minute of the mcduini uco Ot p' t nudograin of I’ In 
1 houi, tiic bactoiial piotcin-bound T ludtd'.fd fiotn 0 0100 mg per t( to 
00103 01 5 1 •) pel d’ Xi'uh assimilntdl 1’ hid a imho'utuitj of 9S 
counts pel nueiogiam 'i’he DXA had inciciMd fioin 21 to 72 y prr cc , 
01 the latio of newh formed 1)\ V to oiiginal 1>N \ uas 2 1 

Following the icmo\ al of aliquots afici 1 Innn , tin' i ntnc culture was pro 
cipitated with 5 jici cent tiichloioad Ik acid ( !’(' and the si (luncnt was 
washed twice in the ccntiifuge with T{’\ 'J'he supernatant fluids were 
pooled The sediment was washed t w ice w ith ()."> pia i cut alcohol and twice 
wuth ethei These supernatant fluids were combined with lipidc extracts 
prepared by three extractions of this sediment with boiling alcohol-ether 
(1 1) The pooled lipide extracts weie taken to dr\ nc'S in xacuo nnd dis- 
solved in 10 cc of CllCb 

The diied hpidc-fice sediment was fi.iclionated ai cording to Schmidt and 
Thannhauser (8) It w'as incubated w ith 2 cc of n KOII at 37° for 20 hours 
and chilled To the solution containing a \ ci> slight flocculent precipitate 
were added 0 4 cc of G n HCl and 2 cc of 5 pci cent TCA -'Utcr 30 minutes 
at 0°, the sediment, containing DNA, was iomo\cd b} centrifugation and 
washed with several cc of water The DXA fi action was dissohed m 0 1 
N NaOH The combined supernatant fluids wcie piocipitatcd according 
to Delory (9) , essentially no P w’as found m this sediment and this fiaction 
was discarded The supernatant fluid contained iibose-3-phosphate nu- 
cleotides and comprised the RXA fiaction 

Both the DNA and RNA fractions prepared above were anal} zed for 
DNA The foimer contained G 9 mg and the latter 0 G mg of Dixb‘\., or a 
total of 7 5 mg of DNA was recoveied The total DNA content of the 
culture was 7 4 mg Radioactivity raeasuicmcnts of the RNA fraction 
were coiTected for the radioactivity of the DNA it contained This com- 
pnsed 10 pei cent of the P of this fiaction The radioactivities of the 
nucleic acid fractions are summarized in Table IV 

One-half of the P m the RNA fraction consisted of i iboso-3-phosphate 
nucleotides leactive in the Bial leaction (10) P 3 uimidme nucleotides de- 
rived from RNA and compiising one-half of the total P would not be 
expected to leact Thus the RNA fraction wnth the exception of a small 
amount of DNA contained iibose nucleotides of the expected chaiacter- 
istics 

It may be seen from Table IV that the newdy synthesized DNA contained 
P of essentially similar ladioactivity to that m the medium, w’^hile the RNA 
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fraction contained essentially no radioactive P It maj' be concluded from 
this e\penment and others vhich \nelded the same result that not more 
than 2 per cent of the RNA could ha\ e been undergoing sjmthesis ms olving 
P of the medium It is highly improbable that the turnover of this much 
RNA, if any sjmthesis actually occurred, could have produced the sjmthesis 
of the DNA found Therefore it appears that RNA nucleotides are not 
precursors to DNA synthesis m this s}'’stem 

Smce special precautions were not taken to punfj’’ the nucleotides of the 
RNA fraction before estimating the rachoactmty, it is possible that e\ en 
the low radioactmtj^ found (2 per cent) was due to some contaminant, and 
was not truly sigmficant In this expenment the hpide P was found to 
have a radioactmty of about 26 per cent of the P of the medium Repre- 
cipitation of phosphohpide m the presence of earner sphmgomyelm denved 


Tvble W 

Inclusion of Radioactive P into Nucleic Acids of Escherichia coli B Infected with 

Tii^ Bacteriophage 


Nudeic aad 1 

Total Protem bound 1 
p ! 

Liptde free bacterial 
residue 

Counts per ir P p«r 

Tptn 1 

Corrected counts per 

f P per mm 


per cent 

fer ctnl 



DNA 

4S 

13 8 

60 

90 

RNA 

36 5 

10 5 

8 8 

2 


DNA, counts corrected for presence of original bacterial DNA, RNA, counts cor- 
rected for presence of traces of DNA in RNA fraction 


from beef lung readilj leduced the radioactmt}’’ sufficiently to suggest the 
inactiv it3’’ of the phosphohpide fraction 
Fraclionalion of Non-Prolcin P — It was not found possible to isolate or- 
ganic phosphate from the TCA supernatant fluids in this experiment, ov mg 
to the large excess of morgamc P of the medium In another e\-penment, 
the bacteiia v\ere first sedimented to remove the inorganic P of the medium 
before fractionation 10 cc of TC\ extract contained 66 7 of organic P 
and 1S3 7 of morgamc P To this tolution, adjusted to pll S 3 vnth 
NH4OH, v\ ere added 1 cc of 2 5 per cent CaCl: and 2 cc of a 0 5 per cent 
suspension of MgCOj After bemg chilled, the muxture was centnfuged and 
the sediment vv as discarded The supernatant fluid v as precipitated v\ ith 4 
V olumes of alcohol and stored ov emight in the ice box The alcohol precipi- 
tate was placed in 3 cc of water It contained 44 •, of organic P, of winch 
ribose-5-phosphate in some form compnsed 75 per cent of the total organic 
P of the fraction (10) The water-soluble fraction of the alcohol precipi- 
tate contained 16 5 7 of pentose P in 25 i of organic P The ridioactivitv 
per niicrogram of P of tins fraction was 37 per cent of that of the ino’'ganic 
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]’ of the modmm It is not Known in wluit compoiiiifk tlic rndionotivitj 
lesidod 


nisriNMON 

It may bo scon fioni the data picvcntod in tlii^ ji'ipf i that (ho Inpolksts 
suggested in Papci I have been veiified !>} na aiis of tlie notope tedmiquc 
These aic (1) that phosphoijlatcd \uus < onstitiu nts uie s 5 nthe''iml in tk 
mam fiom P assimilated fiom the medium after mb el ion, niul (2) tlinf RK\ 
aftei infection has a very low, if anj, lmno\ei rate, atul is not a precursor 
of viius DNA 

Nevcithclcss the ladioacliyity of the \inis 1’ was signifn aiitU different 
fiom that of the P of the medium It has bi on obsened that a miw small 
amount of vnus multiplication ma^ oceui in the ab^enec of exteinul P (11) 
Theiefore it appears that some of the P of the host maj he mcorporuted into 
virus It is considcicd hUel\ that tins small amount of P is detned from 
the intiacellulai pool of iiioiganic P oi low molcculai weight oiganic P 
w'hich can equilibrate with P asMiiuhted aftci infection This intiacellulai 
metabolic pool w’ould be used foi the syntbcsis of DNA after infer tion and 
possibly even befoic the P assimilated aftei mfeetion Thus in short term 
evpeiunents involving r stiains the percentage of host 1^ appealing in tirus 
may conceivably be gicatci than that obseived in the-e long teim c\pen- 
ments with i+ type vims This icmnins to be tested 

Manj-- wmikeis have found that piotem and DN \ sjntheso^ aioatconi- 
panied by a vigoious PNA metabolism m a wide \anet> of tissues In 
addition it has been reported that there is appaicntlj a eonvcision of nbose 
nucleotides to desoxyiibonucleotidcs m the enily stages of clea\agc of the 
fertilized sca-uichin egg (12) These data aic ably ic\iewcd by Bun bet 
(13) In the sjmtem desci ibed m these papers, none of these phenomena are 
to be obscived It appeals possible to studj’’ the piecuisois of DNA in this 
system uncomplicated by the metabolism of RNA 

I am indebted to Di Samuel Guim ot this Unn eisity and Di M Kamen 
of Washington University foi then advice and assistance m the coinse of 
these studies I wish to thanlr Miss Catheune Fowler foi hei technical 
assistance 


SUMMAKT 

The preparation and properties of bacteiial lysates after multiple infec- 
tion have been described As a i esult certain isotope experiments i equn mg 
viral isolation could be perfonned The distribution of the bacteiial and 
viral components in these lysates has been studied It has been found pos- 
sible to recover m a purified concentrate of virus much of the P assimilated 
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and the DNA S 3 nathesized after infection The newl}’- synthesized DNA 
gieatly exceeded the starting DNA of the bacterial culture 
With m the labeled host or labeled mediuni, the DNA of the \ irus 
has been found to be built m the mam from the inorgamc P of the medium 
Ribonucleic acid as not a precursor m the synthesis of this DXA and was 
essentiallj inert m mfected cells 
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A SPECTROPHOTOI^IETRIC STUDY OF BLOOD GROUP 
A-SPECIFIC SUBSTANCE ISOLATED FROM 
HOG GASTRIC IMUCOSA 

Bt GEORGE HOLZIIAN* CARL XIEMAXN 

{From the Gales and Crelhn Laboratones of Chemistry,^ Cahforma Institute 
of Technology, Pasadena) 

(Received for publication, Januar 3 12, 1948) 

The isolation from hog gastnc mucosa of homogeneous preparations of the 
polysacchande-ammo acid complex possessmg the abiht}’- to inhibit the 
isoagglutination of human blood group A cells (1) has been hmdered not 
only by difficulties of manipulation and the presence m gastnc mucosa of 
substances havmg properties similar to those of blood group A-specific sub- 
stance, but also by the fact that direct tests for determ inin g the homo- 
geneity of the product are often msensitive and unrehable In the past the 
efficacy of procedures used for the isolation and purification of group A 
substance have been evaluated by serological tests and m a feu instances 
by ultracentnfugal analysis (2), electrophoretic analj'sis (3), total mtrogen 
content (3), apparent N-acetyl-n-glucosamine content (4), optical rotation 
(3), and %uscosity (3) Smce u e had at hand a large number of preparations 
of group A substance obtamed from hog gastric mucosa bj a variety of 
methods (5), it uas thought advisable to determme to uhat extent ultra- 
violet spectrophotometrj' could be used foi the evaluation of these prepara- 
tions In addition such a study u ould also sen e to mdicate the importance 
of the aromatic ammo acids as structural elements of group A substance 

The ultraxnolet absorption spectra of group 0, A, and B substances 
from human urine and of group A substance from hog gastnc mucosa, 
isolated by Freudenberg (6), were first studied by Gr6h, Sz^lycs, and 
Weltner (7) and later m greater detail b\^ Weltner (8) These mx estigators 
reported that in neutral aqueous solution all of the blood group-specific 
substances showed weak selectne absorption in the region 270 to 290 my, 
and their results mdicated tliat the punfication of group A substance, 
obtamed from hog gastric mucosa, caused the extmction to increase 
tliroughout the ullramolet region, since it was reported tliat a "punfied” 
preparation and a “highlj purified” preparation showed extinction coeffi- 
cients of at 280 m/i of 1 8 and 2 8, respectn eh' We hai e been 

•Allied Chtnncil and D\e Corporation lellon, 194Cr-57 Present address, Dc 
partment of Chemist r\ , Ma.ssacliusotts Institute of Tcclmolofri , Cambridge, Mas'a 
chuselts 
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unable io confiim these lesulls and in fn< I li'i\e obw-ntd that preparation? 
of gioup A sub'^tance w ith gioalh enh'inced potencii’s, nlu n compared uitli 
staiting inatcuaK md inteimediati"', ‘'hon little ab oiption in the ultra 
violet llowcxei, nllia\ iol(>t ^pei liophotoineti.\ is p titienlarl} usphil for 
the detection of eeilain nnpinities that nia\ he pie^mt in preparations of 
the blood pioui)-speeifi( substances 

lAIM UlMI N I \l, 

Ahsoiphon Spirha- (tpta d densitu's foi 1 (in ol solution at 2.')'’ wort 
deteimmed with a Hcekinan model 1)1' sjx eiroidiolomclci rcpnpficd witli 
quart/, cellsat e\ci3'3 in;i fioin 220 1o270 nni, ( \( ir d lUjU fiom 270 to300 
mp, and eren 10 ium lioin 300 to hit) m/i Vddifioii'd ob-enations were 
made when the ina\ima weie displiu ed from the usual 21)0 nm leginn The 
spectia foi all solutions wcie eoiieited foi absorption due to sohent (fit 
late-pliosphato buflci), which was impoifant below 210 jup E\linctinii 
coeflrcieuls, 7i’} , weic cakiihitcd fiom the usual itddion, h'lcm = 
(logio /o//) 'ccl, where d is the cell thuKut's-, -ind r the i oner nliation of solute 
m gm pci 100 ml of solution 

Gwiip I Subslancr Solutwm 'I'hosc gioup V suh^tame pieparatioib 
w'hich weic used and not deseiibed pic\ loush ( !, .1) ai(' dpsciilK'd in Table 
I The solutions wcie piopucd bj dissohing the prcjnrations in distilled 
Walter, taking 10 ml aliquots, and adding 1 ml of Mdhainc’s citiate 
phosphate bufler, pIT 7 0 The pll of the resulting mi\tuics was 7 20 ± 
0 05 and the conccntiation of gioup A substance 300 to 3S0 pei ml In 
a few instances, whcic indicated, solutions were piep'ued similaily at pH 
6 30 =b 0 05 and pH 8 05 db 0 05 bj-- means of Mclhamc’s buhers The 
final citric acid and disodmm phosphate concentrations at pll G 3, 7 2, and 
8 0 were, lespectiveljq 0 0034 u H3CCH6O7 -O 0115 m Na;HP04 , OOOIG m 
H sCeHfiOT-O 015 u NaoHPOi, and 0 004 m IHCcIHOt-O 017G m Na2nP04 

S&ological Tests — The inhibition of the isoagglulination test (4) and the 
inhibition of the hemolysis test (5) have been described picviouslv The 
activities of many of the pieparations used in this stridv w'oic reported m 
the above papers 


HESULTS AND DISCUSSION 

Gioup A substance prepaiations dissolved in distilled wmter generally 
give cleai or slightly opalescent solutions These solutions are colorless 
when prepared from undegiaded pieparations and faintly imllow wdieu 
degraded pieparations are used The solutions show' deviations fiom 
Beer’s law, smee the extinction coefficients at a given w ave-length and pH 
mciease upon dilution' The extinction values also vary w'lth pH and 

J Unpublished experiments 
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generally increase m the region 220 to 350 mp until decreasing pH - Hie 
extinction ounces of solutions of pH 6 to 8 are not altered upon standing 
and the observed stability of solutions in this pH range is m agreement vnth 
obsen'’ations made elsewhere by mdependent methods (3, 9) The m- 
crease m absorption of alkalme solutions of group A substance obsened 
by Weltner (8) is probably due to the labihty of group A substance xmder 



aSO 290 250 290 

tnp. 

Fio 1 E^itinction cur\ es of fractions isolated from hog gastric mucin bj fractiona- 
tion nith ethanol Curve 1, 1 raction C-123 Curve 2, Fraction C-12o, Curve 3, Frac- 
tion C 128, Curve 4 , Fraction C-1-12, Curve 5, Fraction C 135 Curve G Fraction 
( 143 

such conditions (3) In new of the dependence of absorption upon pH 
md group A substance concentration, the spectn of all preparations were 
niea=urcd at pi I 7 2 and at similar concentrations of group ‘•aibstance 
Tvpical extinction curves are presented m Figs I to G, and in Tible I the 
serological properties and the extinction values at 260 and 350 nm of manv 
prepirations are summarized 

nxtiiicliou Cuncs of Preparations from IIoo Gastnc ^fuan — Commercial 

’ The change in extinction values with pll mav have a contributing factO' due to 
the difference m saU concentration in the vanous hiiTor 'olution? O'he- rf'u! - 
indicate that ionic strength also influences spectra 
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Spectral and Scrologtcnl Prnprrttf of I rnrliDn" l-olntrd from llag 
Ga'^tric iMxinn, Pcp’nn, and liidnulual Hao Stm ,nrh Lxning’' 




,1' 

t 

Infill of 

i 




' Icn 

! . 1 ■ 


I Tnhjbitm fjf 

Procedure 

I rficli^n 

No 

- 


tilrr nifri'litm 
rniii,’ n trrun 
tic ittjli cd j\cf 
mictn-rim 

till' tiriLf 

licmit) n liter 
nii.rtirr'>tu 'iiHrict 




j int.itilins M j'ti tt'l 
hcr-nlytii 

Aqueous suspension of 

C 125 

19 1 


15 

d- 15 

0 IS 

±0 01 

jnucmfrncltonntefU\i(li 

C-123 

2^ fi' 

1 •'■'1 

10 

± 15 

! 0 21 

± 0 01 

cthiinol after ccntrifuK- 

C-128 

f) y' 

t) r>| 

7 a 

± 20 

0 11 

± 0 00 

ing (Sharpies) tr\ ice at 

0 135 

22 s' 

0 9 

15 

± 15 

1 0 18 

±0 02 

pll 4 4 

C-112 

30 ll 

13 

15 

JL 15 

0 21 

±000 


C-113 

1 9 

0 3 

85 

d: 20 

0 11 

±0 01 

Mcohol fractionation of 

Rl-1'2 

30 4' 

2 2 

30 

± 10 



mucin, procedure of 

RI-F3 

f. o' 

1 o' 

SO 

d, 20 

0 12 

± 0 01 

Laiulstcmer and llartc 

Ri-ri 

11 2' 

1 aj 

: 0 1 

rb 0 05 

1 


(2) 

R5 F2 

11 9* 

3 2 

20 

d. 10 




R5-F3 

s ol 

0 s 

t 85 

d. 20 

0 11 

± 0 01 

Alcohol fractionation of 

C-52 

11 0 

1 0 

' 50 

=b 15 

0 13 

rb 0 01 

centrifuged 90% phenol 

C 59 


0 5 

90 

dtz 30 



solution of mucin (3) bj 
clcctrodialysis and alco- 
hol fractionation 

C-Gl 

2 2 

0 G 

1 

1 

50 

=b 15 



Sodium sulfate fraction- 

R2-F2 

1 3 

0 1 

45 

rb 15 

0 11 

± 0 01 

ation of aqueous centn- 

R2-F2B 

2 1 

, 0 3 

50 

db 15 ! 



fuged suspension of 
mucin (3), followed by 
electrodialj sis 

R2-F2C 

3 S 

0 9 

50 

± 15 



Electrodialjsis of product 

RS-Fl 

1 4 

0 2 

GO 

± 20 



of alcohol fractionation 
of mucin, Fraction R5- 
F3 

R8-F2B 

7 G 

2 1 

50 

± 15 



Tieatment of products of 

C-110 

13 2 

0 5 



0 20 

d= 0 02 

alcohol fractionation of 

C-1C5 

11 8 

0 G 

* 


0 20 

± 0 02 

mucin Tilth ion e\- 

C-167 

3 G 

0 5 


1 

0 21 

± 0 02 

change lesms 

C-16S 

3 4 

0 5 



0 070 

rb 0 005 

Treatment of product of 

RG-F5A 

0 6 

0 1 

25 

d: 10 

0 10 

± 0 01 

alcohol fractionation of 
mucin M itli papain- 
HCN (2) 








Treatment of product of 

R7-F5A 

1 7 

0 4 

10 

dz 5 

0 05 

± 0 005 

alcohol fractionation of 
mucin Tilth formamide 
at 150° (2) 








Alkaline digestion of mu- 

C-47 

0 8 

0 2 

30 

d: 10 

OOGSrfcOOl 

cm, folloned by selec- 
tive adsorption and 
precipitation (18) 
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Table I — Concluded 


Procedure 

Fraction 

No 

^Icta 

Inhibition of 
lioagglntmaton 
titer microliters 
gronp B *eninx 
cratraliaed per 
mjcTO^ram 
substance 

InHbjtloa of 
beaolj^is titer 
rructo^naiis substance 
inhib tins 50 per cent 
fccnolj'Si 

260 

3j0 

Alcohol fractionation of 

C-22 

5 0 

0 3 

70 ± 15 i 

0 050 ± 0 0a5 

Wilson pepsin (19) 






Autolysis of Wilson pep- j 

C-26 

3 7 

0 4 

35 i 10 

0 040 =r 0 005 

sm, followed b} alcohol 






fractionation (2) 






Peptic digestion of indi- 

H1-F3 

3 6 

0 31 

<0 06 i 

>175 

vidual hog stomach lin- 

H2-F1 

4 71 

0 3 

90 i 30 

0 OSO J; 0 005 

mgs, followed b} 2alco- 

H2-F3 ! 

2 9 

0 2 

0 5 :i: 0 2 

0 60 0 Oo 

hoi precipitations (21)* 

H3-F1 

7 3 

0 3; 

'75 i 20 

0 13 i 0 01 


H3-F2 

4 4 

0 2 

2 i 1 

0 70 lir 0 05 


H4-F1 

9 6 

0 3 

1 

<0 06 

>175 


Fraction C-52, matenal insoluble in 10 per cent (bj \olume) ethanol, diahzecL 
Fraction C-59, soluble in 47 per cent (bj \ olume) ethanol and insoluble in 62 per cent 
(bj t olume) ethanol on fractionation of clear supernatant obtained on elcctrodiah sis 
of Fraction C-52, dialjzed Fraction C 61, insoluble in 47 per cent (bj \ olume) 
ethanol on fractionation of clear supernatant obtained on eloctrodialjsis of Fraction 
C 52 Fraction R2-F2A., insoluble in 30 per cent sodium sulfate, precipitate electro- 
dialjzed, material from supernatant Fraction R2-F2B, aqueous washings of Frac 
tionR2-r2C Fraction R2-F2C precipitate obtained on clectrodiahsisof SOpcrccnt 
sodium sulfate precipitate Fraction C 110, material soluble in 30 per cent {b% 
volume) ethanol but insoluble in 65 per cent (bj \ olume) ethanol from centrifuged 
mucin suspension Upon reprecipitation insoluble in 45 per cent (bj % olume) ethanol , 
electrodial} zed Fraction C-165, Fraction C 110 treated tv ice with alkali nashed 
Ambcrlitc IR-4 resin Fraction C 167, Fraction C-IIO treated tmee with alkali- 
n ashed Do-Acidite resin FractionC 16S, material soluble in 45 per cent (b} \olumc) 
ethanol and insoluble in 65 per cent (b> \ olume) ethanol from centrifuged suspension 
dial} zed, and then treated twice with allali washed De \cidite resin Fraction 
H1-F3, soluble in water and insoluble in 71 percent (b\ \ olume) ethanol Fraction 
H2 FI, soluble in water and insoluble in 63 per cent (b\ \ olume) ethanol Fraction 
H2-F3, soluble in 63 per cent (b} \ olume) ethanol and insoluble in 74 per cent (In 
\ olume) ethanol Fraction H3 FI, soluble in water and insoluble in 63 per cent (In 
\ olume) ethanol Fraction H3 F2, soluble in 63 per cent (b\ a olume) ethanol "nd 
insoluble in 71 per cent (b} a olume) ethanol Fraction H4-F1 , soluble in water and 
insoluble in 71 per cent (ba a olume) ethanol 

• Extinction curves were measured on solutions containing about 000 y of com 
pound per ml rather than the usual 300 to 350 y 

hog gastnc mucin,* centrifuged free of inactiae u'ater-insoluble matenal, 
shows strong selcctiae absorption in the ultraaiolet at 200 mf. (Tnction 
C-13o, Fig 1) and appreciable apparent absorption e\en at 350 m;. Tlie 
htter absorption is due to light scattenng, since mucin is a isibla turbid and 

* Uilson hog gastric mucin granules, item No 443 
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the appaunit ahsoiption cvlciuls tar into the Msihle lot^ion wlioie specific 
abboiption is imhkelj The ubM^iptum nho\<* 330 mn po-^f'^-cs n im\\ 
constant Rajleigh coeflicienl of 2 '» to 3 ”> over a (on^'Kioriiilc \\a\(* length 
langc, winch piesuinaijlj is {jpnail foi non m|)( < ific nb^oiplion (10, II) 
The matcual absoibing at 200 inn in imicin ("2t)0 ma < oinponcnl”) ts non 
dialj’’zable, as muv be seen liom the {lata obtained with Fraction ('-125 
The “2G0 nia component'’ haa not been adeqiiateb diauntenml, amtc 
it appeals to bo aasocaated with the iniK'tne oi le--- aetne picpnrationa 
isolated fiom mucin 3'he pu“'eiuc of mnleu add is suggested bj the 
w'ave-lcngth of maximum absoiption (12, 1.3), and liin\ , IIenr> , and Since} 
(bi) ha^c leccntly icpoilcd that imuin ma> contain miehie acid of mixed 
i.boso and dcsoxynbosc type Ilowexei, jnepaiatinns (0 01 per (ont sohi 
tions) containing the "260 ma component" did not gi\e the Disc he c}stcinc 
test (15) foi dcsoxypentose Weakh posilixe ouinol tests for pento'c 
(16) w'cic obsened, but these results max not bi* significant, since hoxoscs, 
wdiich axe abundantly present in mucin, also are known to gixe weak orcinol 
tests (17) The “2G0 mg component” cannot be lernoxcci by high .speed 
ccntrifug.xtion, since aftci centiifuging at 1G,000 u a m foi 30 minutes 
(40,000c;) the speciiic absoiption lemnins \ shght dccieise m extinction 
occurs thioughout the ultiaviolet ow mg to the ‘•oparalion of a small amount 
of suspended mateiml and the icsuUmg claiific ition of the solutions Pie- 
liminary expeumeuts indicate that the “2G0 mg component’’ can be modi- 
fied readily by heating with acid, alkali, or by the action of oxadming agents 
such as hypoiodite 

Wlien an aqueous centrifuged mucin solulion is fractionated with ethanol 
(2), the more actix^e fractions which are soluble m 40 per cent ethanol and 
insoluble in 60 to G5 pei cent ethanol always show considerably less absorp- 
tion thioughout the ultiaxaolct region than the original mucin solution 
(Fiactions C-128 and C-143, Fig 1, Fractions R4-F3 and R5-F3, Fig 2) 
Although the “260 mg component” is coucentiated m the fiactions insoluble 
in 40 per cent ethanol (Fiactions C-123 and C-142, Fig 1 , Fractions R4-F2, 
and R5-F2, Fig 2), those soluble m 40 pei cent ethanol and insoluble in 
GO to 65 pei cent ethanol still contain significant amounts of the “2G0 mg 
component” (£?i^ni = 5 to 6) The sensitivity and usefulness of the 
spectrophotometnc method may be appreciated by the fact that wdule the 
above four moie active fractions have essentially the same serological 
activity their extinction curims differ significant!}’- A new component is 
detectable m the fraction soluble in 60 to 65 pei cent ethanol, since absorp- 
tion occurs maximally m this case at about 270 mg (Fraction I14-F4, Fig 2) 
This fraction, xxdiich possesses essentially no sexological actix’^ity, contams 
considerable quantities of free ammo acids, and m one instance about 2 per 
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cent of ammo acid mtrogen was detectable by the Van Sljke manometnc 
method 

The products isolated from hog gastnc mucm b% Morgan and lung (3) 
by 90 per cent phenol extraction followed by precipitation m ith ethanol or 
by aqueous extraction follo'n ed by precipitation with sodium sulfate were 
not distmguishable bj^ a number of different tests includmg serological 
actmty, elementarj'- analysis, optical rotation, or \ iscosity How ei er, w e 
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I iG 2 E\tinction curies of fractions isolated from hog gastric mucm b\ fractiorm 
tion wnth ethanol Curie 1, Fraction R4-F-1, Curie 2, Fraction R4 F2, Curve I, 
Fraction Rt F3, Curie 4, Fraction R5 F2, Curie 5, Fraction R5 FI 

hai e found th it the extinction cun'cs of fractions of group V substance pre- 
pared according to these procedures differ markedl}’ and that the product 
from (he phenol-ethanol procedure contains considembh greater amounts 
of the ‘ 2G0 mu tomponent” (Fraction C-52, Fig 3) thuii the group A sub- 
stance isolated either b\ ethanol or sodium sulfate fractionation (Friction 
R2-r2 V, Fig 3) * It IS as reported earlier (5) tliat group A substance frac- 

' The product isolated h\ the sodium sulfate procedure of Morg in and King (3) 
would he represented In an extinction curve roughlv intermediate Ik tween Fraction- 
H2 I'i V and R2 1 2C (Fig 3) since the Morgan and King product wrs fractionated 
furthcr^^as di'^cii'sed aboxi 
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tions obtained by ethanol, sodium sulfate, oi phenol-ellianol finctionation 
could be shown to be hciciogcncous b 3 ’' olocfiodialj sis Solid niatciial 
separated in the cell duiing elcctiodul 3 'sis, IcaMiig a faiil 3 ' dcni supoiin- 
tant The lesidue and the inateiial in the supeinalant po‘^so^scd niiprox- 
imately the same eqimalent N-acotylglucosaininc content <tnd the ‘•amc 
mlnbition of isoagglutination activity In the nioio piocisc inhibition of 



Fig 3 Extinction curves of fractions isolated from liog gastric mucin bj fractiona- 
tion Mith sodium sulfate followed by clectrodialjsis (left-hand) and with phenol- 
ethanol (right-hand) Curve 1, Fraction R2-F2C, Curve 2, Fraction Il2-r2B, Cur\c 
3, Fraction I12-F2A, Cuivc 4, Fi action C-52, Curve 5 , Fraction C G1 , Curve 6, Frac- 
tion C-59 

hemolysis test the mateiial in the supeinatant appealed to be 20 to 25 per 
cent more active than the lesidue Wlule these two fi actions aic similar 
by the above criteria, they diffei substantial^’- m then spectral properties 
The sohd dispeises in watei to give quite tuibid solutions, while the matciial 
m the supernatant yields only slightly tuibid solutions The latter solu- 
tion, of course, scatteis considerably less light m the ultraviolet, as ma 3 " be 
seen from the extinction in the region 300 to 350 mju In Fig 3, Fractions 
R2-F2A, R2-F2B, and R2-F2C aie, lespectively, the material m the supei- 
natant, a washing of the residue, and the residue Fi actions R8-F1 and 
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R8-F2B (Fig 4) are, respective^’-, the supernatant matenal and the residue 
obtained on electrodiab’sis of Fraction R5-F3 which was prepared b} the 
ethanol fractionation of mucin Fractions C-59 and C-61 (Fig 3) are the 
soluble matenals obtamed on electrodialj’^sis of the product of phenol- 
ethanol fractionation, Fraction C-52 Fractions C-59 and C-61 differ in 
that the former is soluble in 47 per cent ethanol and insoluble m 60 per cent 
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m;i. 

Fig 4 Extinction cur\cs of fractions isolated from hog gastric mucin fraction*! 
tionwith ethanol folloncd bj electrodialjsis (loft hand) and In frcatracnt nith ion 
exchange resins (right hand) Curxe 1, Fraction 115 F3, Cur^c 2, Fraction R‘i-F2B, 
Curxc 3, Fraction RS-Fl, Cur\c 4, Fraction C 110, Cunc 5, Fraction C 1C5, Cur\c G, 
Fraction C-167, Cur^c 7, Fraction C-16S 

ethanol, while the latter is insoluble in 47 per cent ethanol In ettn 
case the soluble materials, which are more actue sorologicalb tluin the 
less soluble, or the parent, substances, show decreased absorption m the 
ultratnolet This appears to l>c due to the fact that hdit-scattcnng 
components are concentrated in the residue and also because the ‘2i/) 
m/i component” occuis to a greater evtent in the Ic-- ‘Soluble fr^ctinn*- 

A studj has been made in this laboraton* of the u«e of ion e'ch-’iigf 

‘ Unpubli'-hed experiments of E L Bennett 
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resins for the preparation of gioup A Mih^lanct' fioin hog pnslnc miuin 
Pieparations comparable in aclivit^ to Iho^-e I'-olalcfl In oilier prorcflnres 
weie obtained in this way Fiaction C-lhS (h'lg 1) whuh exhibits weak 
absorption in the ultiaviolet was oblamed In lieating a (lO jiei ( enl i lhanol 
piecipitate fiom mucin tuice with buM'-lieatcfl De-Vcidite'' The 10 per 
cent ethanol piecipitate, which contain^' c oiiMdeiablo (iiianlilies of I he 
“260 m/I component” (Fiaction C-110), (an be liansformed lo a fraction 
showing weak absoiption at 260 m/i bj tieatmcnt with b'l'-c-tro'Ucd l)e- 
Acidite (Fraction C-167, Fig 4) Ticatmcnl of Fraction C-llO with base 
treated Ambeihtc IR-4 lesm,^ a icsm of similai type, is inoflecl i\ e, how c \ er, 
in removmg the “260 m/i component” (Fiaction C'-Kin, I’lg i) 

Group A substance is known to be degiadcd undci a \ ai lel} of c ondit ions, 
ec 7 , by heating wath fomiamide at 150° (2, 3), by digest ion with papam- 
HCN (2), and by tieatmcnt with alkali (3, 0) Degradation is usually 
associated wnth a deciease m activity in the isoagglutination test and no 
change oi an mciease m activity in the hemohsis 1c',t It was of interest 
to determine the extent to which the spectial properties of prepaiations of 
group A substance w'ere alteied by degradation TypiCcd curx cs are show n 
m Fig 5 All of the degraded piepaiations show verj little absorption m 
the ultiaviolet and, as a consequence of the claiity of the aqueous solutions, 
low’- extinction values aie observed in the 300 to 350 miz langc Fraction 
R6-F5A w’as obtamed from Fraction R4-F3 by papain-HCX digestion (2), 
Fraction R7-F5A by heatmg Fraction R5-F3 with foimamidc at 150° (2), 
and Fraction C-47 by piehminarj’- digestion with 2 per cent sodium carbon- 
ate at 70°, foUow’ed by adsorption and precipitation .iccoiding to the pro- 
cedure of Mej’-ei , Smj'th, and Pahnei (18) 

Extinction Curves of Preparatio/is from Hog Pepsin — Extinction cuiwcs 
for fractions isolated by the piocedure of Landsteinei and Clia'^e (19), 
Fraction C-22, and by the procedure of Landstemer and Harte (2), Fiaction 
C-26, from Wilson pepsin are given in Fig 5 Unlike the actn p pi epara- 
tions from hog gastiic mucin, the pieparations obtained fiom pepsin show 
specific absorption m the legion 270 mg, winch maj’- be due to components 
deiivable fiom the large quantities of protein present in the staitmg mate- 
rial While these fiactions are among the most active in the hemolysis test 
that have been isolated so far from hog stomach souices, evidence has been 
presented previously (5) which suggests that these piepaiations may be in 
fact partially degraded The extinction cm ves w ould indicate that, despite 
their high potency m the hemolysis test, they contain contaminants or 
artifacts produced in the couise of isolation w’hich absoib at 270 mg Puri- 

® The Permutit Companj , New York 

’’ The Resinous Products and Chemical Company, Philadelphia, PcnnsyKania 
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fied preparations from hog gastnc mucm show considerably less absoiption 
in the ultraMolet 

Exhndion Cnnes of Preparations from Indiiidual Hog Stomach Linings — 
Witebsky (20) reported that only 40 per cent of the hogs exammed ha% e the 
specific blood group A factor m their «tomach linings It as later reported 
by Bendich, ICabat, and Bezer (21) that hog stomach linings mav be differ- 



Fig 5 Extinction cur^ es of fractions isolated from hog gastric Tiucin b\ dcgrada 
ti\c procedures (left-hand) and from Wilson pepsin (right hand) Cur\c 1, Fraction 
R3 F3, Cur\e 2, Fraction U4 F3, Curve 3, Fraction R7 F5 V, Curve •?, 1 raction C^T, 
Curve 5, Fraction RO F5\, Curve G, Fraction C 22, Curve 7, Fraction C-2G 


entiated mto those possessing the group V factor and those hav mg a similar 
but meffectne mucoid The latter matenal was '-liowTi b\ Vminoff, Mor- 
gan, and Watkins (22) to possess properties of blood group 0 •nib^tanct 
Hog gastnc mucin, being a pool of stomaclis of many hog-, •« ^ho.vn to 
contain both group A and 0 subst inces It was of intcrc'^t to compare the 
spectral properties of the group I ‘jub'tancc denved from indmdu il hog 
stomach linings walh those isolated from hog mucin Vccordinglv, parti- 
ally punfied fractions were isolated from indn idual hog ■dom ich lininc^ b\ 
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peptic digestion (2]), followed by nlcohol fmelionnlion TJie e\finction 
curves foi these picpaintioiis aic slumn in Kig h and then *-eiologieal jiiop 
cities in Table I Hogs 1 and 4 gain uuiclivc pioducth, fiH’siiniablj gioiip 
0 substance, while Hogs 2 and 3 possessed gioup A-speeitie inafenal 'J’ho 
activities of the moic potent picpnintions ueie of about the ‘-'line order of 
magnitude as those obtained from mucin and pep^'in llou('\ei, all of the 
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mp- 

Fig 6 Extinction curves of fractions isolated from individual hog hlomach hmngs 
by fractionation with ethanol Curve 1, Fraction H3-F1, Curve 2, Fraction in-r2 
Curve 3, Fraction H2-F1, Curve 4, Fraction H2-F3, Curve 5, Fraction H1-F3, Curve 
6, Fraction H4-F1 

piepaiations showed consideiablj^ moie specific absoiption m the icgion 
260 to 270 mfj than did compaiable pieparations deiived fiqm hog gastiic 
mucin While spectia of mateiials not possessing gioup A activity, Fac- 
tions H1-F3 and H4-F1, lesemble those possessing gioup A activity, Fiac- 
tions H2-F1 and H3-F1, it should be emphasized that specific absoiption 
in the 260 m/a legion is to be associated with the presence of inactive non- 
blood group-specific components 

Fi actions H2-F3 and H3-F2 lepiesent fi actions not pieviously obseived 
as ansmg from the fractionation of hog gastiic mucosa These fiactions 
are soluble m 60 per cent ethanol and insoluble in 72 per cent ethanol and 
have little activity when compared to the fractions insoluble in 60 per cent 
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ethanol (Fractions H3-F1 and H3-F1) However, the relatne potencies 
of Fractions H2-F3 and H3-F2 when compared vnth hog gastric mucm are 
about 10 to 20 times greater m the hemolj sis test than m the isoagglutma- 
tion test, a behavior similar to that obseiv^ed for degraded preparations from 
mucm (2, 3, 5) Undegraded preparations from mucm have approvimateh 
equivalent relative activities m these tests The degraded character of 
group A. substance isolated from pepsm has been previously recognized (5), 
but the possibihty of degradation of group A substance m the peptic diges- 
tion of hog stomach hnmgs has not been appreciated 
Maximum Tyrosine and Tryptophan Content of Preparations of Group A 
Substance — ^The tjTosme or tiy-ptophan content of group A substance prep- 
arations can be calculated by ascnbmg the net absorption at 2S0 m^t en- 
tirel} to either tjTOsme or tiyqitophan ® ® It is necessarv to appl}- a correc- 
tion for non-specific absorption (24, 25), and if this correction is applied 
throughout the ultraviolet region, then the more potent preparations which 
show low plateaus m the region 200 to 2S0 m/x possess evtmction cun es 
w hich hav e small mamma between 270 to 2S0 m^i The maximum trypto- 
phan and tyrosine contents of both Fractions R6-F5A. and C-47, which are 
among the most transparent m the ultravnolet, were calculated in this wa} 
to be 0 1 and 0 4 per cent, respectiv elj Undegraded preparations w itli less 

transparency would have corresponding!} higher values, r c , 0 2 to 0 3 per 
cent tryptophan and 0 8 to 12 per cent tvrosme These maximum esti- 
mates would of course be lower if both ammo acids were present \Mii!e 
these preparations are probably not pure, it seems certain that t3Tosme and 
tryptophan, if indeed present in group V substance, are among the least 
abundant ammo acids The abov e results are consistent w ith the observ a- 
tion that quahtativ e tests for the aromatic ammo acids m group V substance 
are generally w eak or negative (2) and wnth the sole quantitative result of 
Brand and Saidel (27) to the effect that a preparation of group A substance 
obtained from hog gastnc mucm by the phenol procedure contained 0 3 p'^r 
cent tj rosme and 0 2 per cent trvptophan 
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view that gioup A substance, and piobalilv gmup O substance, has Iitih 
specific absoiption m this speclinl icgion and that othei (oin[)on(‘nts 
account for most if not all of the specific absoiption noted in the la^c of 
impure piepaiations Ilonevei, ultinMolot spectiojiholomeliic nnahse^ 
have been found to be pailiculailv useful in following changes in (oinjio-,!- 
tion biought about bj’’ the fiactionalion of gioup V subslaiue inepaiations 
obtained fiom hog gastiic mucin as well as in (ompaiing prepaialions iso- 
lated by difTeient methods and fiom difleient souk es Sue h anal} sr s h t\ e 
also indicated that tjiosme and ti^plophan, if indeed present in group A 
substance, aie but minor constituents 
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FOLIC ACID ACTIVITY IN HOMOGENATFS OF RAT LD'ER* 
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It has been demonstrated that homogenates of rat liver increase m folit 
acid actitnty foUowmg mcubation at pH 7 (1,2) In 1944, l^Iims, Totter, 
and Day (3) used a partial!}'’ punfied enz}Tne preparation from rat In er m 
dete rminin g “substances convertible into the factor stimulating Streptococ- 
cus laclis R,” and m the same year Binkley el al (4) discot ered \utamm Be 
conjugate, statmg that its presence in certam hver e’^racts had been demon- 
strated Laskowski, !Mims, and Day (5) later found that rat In er extracts 
shoved ntanun Be conjugase activity It appeared probable, therefore, 
that the mcreased fohe acid content of rat hver homogenates following m- 
cubation at pH 7 was the result of the enz}Tiiatic coni ersion of the con- 
jugate to fohe acid However, the mcrease m folic acid actmt} of the liver 
homogenates meubated at pH 7 was greater than that in homogenates 
incubated at pH 5 (2), suggesting that the conjugase in rat Iners dif- 
fers from sunilar enzymes m the livers of hogs and chickens, the actmty of 
the latter bemg enhanced at the lower pH lei els (0) This explanation is 
not borne out by the studies discussed here, for the actn ity of rat In er con- 
jugase has been found to be greater at pH 5 tlian at pH 7 Thus it appears 
that the mcreases m the folic acid content of the Iner homogenates in- 
cubated at pH 7 were not the result of the enzianatic com ersion of the con- 
jugate to PGA (pteroylglutamic acid) Data are presented which indicate 
that rat hver contams a substance, other than PGA. conjugate, subject to 
enz}'matic conversion to folic acid or substances showang folic acid actmti 

Methods 

The folic acid activity was determmed b} using cither Streptococcus 
faccahs and the turbidimctnc method of Luckei, Bnggs, ind Ehchjcm 
(7) (the medium was modified b} the addition of Salts B (S)) or I^clobrcillus 
casci and the acidimetnc method of Tcply and Eh chjem (S) (the medium 

•Published with the appro\fil of the Director of thi. Mi^cotifiii VpnculturJ 
E-'iperimcnt Station Supported m part b\ {.rants from the National \'=oci''tton 
of Ice Industries and the Wisconsin Ice l^'ociation 

We wish to thank Lcdcrle Laboratoric« DiMsion, Xmcncan Ciana nid Conipaa\ 
Pearl Riicr, New York, for srathetic ptcroilglutamic acid and Parle Da\i' and 
Compana, Detroit, Michigan for crvstalline antamin B. conjugate ti'^f'd in thrcf- 
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was modihcd by omission of noiil-tienlcd poplonc) S\ nllu>lic plonnlglu- 
lamic aud, supplied by the Ledcile labmatoiios Dimmoii, Ameuenn 
Cyanamid Comp my, w is used as a stand ud m all ea' ( s 

Rat liycis icmovcd fiom noimal, nviluie lats and fio/in m tin fit (/mg 
compaitment of a lefugciatoi neie used m all c\pciimonl^ Homogenates 
weie picpaved m a Waimg blendoi bj gunding 3 gm of lla- fio/di luer m 
50 ml of distilled watci foi H minutes After gunding, Die Iioinogenate 
was allowed to stand foi about 1 minute so that the foam i ould rnr. and 
then samples w'ci e i einoved by pipetting 

lAimuiMrA I’Aii 

The late of inciease in folic add actnity of lat h\er homogenate 
incubated at two diffeient pll levels was studied fiKst O’uo mi\turcs, one 



Fig 1 Fohe acid content of rat liver homogenates incubated at pll 1 "i and 7 0 

containing 20 ml of fleshly picpaicd lat hvei homogenate and 10 ml of 
0 1 M phosphate buffci, pH 7 0, the othei 20 ml of the homogenate and 10 
ml of 1 pel cent sodium acetate butTei, pH 4 5, were used Toluene was 
added to each mi\tiue to inhibit bacteiial growth Immediately aftei the 
addition of the homogenate to the buffci and toluene, 3 ml samples of the 
mixtuies w^eie pipetted into 18 nun test-tubes, wdiich w^eie placed m a boil- 
ing watei bath Aftei 2 minutes these initial samples w^eie removed from 
the bath, allow^ed to cool, and placed in the freezmg compaitment of a re- 
frigeratoi The lemammg reaction mixtures, in stoppeicd 125 ml Erlcn- 
meyer flasks, ivere placed in an air incubatoi at 3/ At 1, 2, 4, S, and 20 
hours 3 ml samples w^eie removed and treated in the same manner as w'eic 
the zero time samples Aftei all the samples had been collected, they w ere 
diluted, neutiahzed to pH 7 0, made up to volume, and filtered The fil- 
trates lUie assayed with Streptococcus faecahs and the results obtained are 
sho^vn m Fig 1 The data obtained with the 20 hour samples agree ivith 
results obtained by Burlcholder, McVeigh, and Wilson (2) on rat liver homo- 
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genates incubated at pH 7 0 and 5 0 for a similar penod of tune In the 
bver homogenates incubated at pH 7 0, the rapid increase in folic acid 
and the subsequent decrease agree m general mth results obtained by 
Wnght, Skeggs, and Welch (1) 

In an experiment similar to the one ]ust discussed, it -was demonstrated 
that the failure of the liver homogenate to increase in folic acid at pH 4 5 
was not the result of acetate inhibition Fne mcubation mixtures were 
used Each contamed 20 ml of fresh homogenate and 10 ml of buffer or 
vater, as mdicated m Fig 2 In this experiment, when samples were with- 
dravTi, they vere added to 12 ml of a buffer medium of such composition 
that the resulting mixtures were identical in buffer content After thus 
equahzmg the buffers, the samples were heated in a boilmg water bath for 3 



Fig 2 Fohc acid m Iner homogenates incubated in \arious buflers Curve I, 
ethjlencdiamine citrate buffer, final pH 7 0, Curve II, citrate phosphate buflcr, 
final pH 7 0, Curve III, water, final pH 0 3, Curve Ft , citrate phosphate buflcr, final 
pH 4 6, and Curve V, sodium acetate buffer, final pH 4 3 

minutes, cooled, refngcrated, and assa}ed, as aircadj dcscnbcd The 
results obtained (Fig 2) are in agreement with those obtained in the first 
stud} , and thev indicate that the differences obtained were not the result 
of the use of different kinds of buffers or of heating the sample' at the dif- 
ferent In drogen ion concentrations 

We next studierl the effect of pH on the release of folic acid from the 
homogenate and on the conjugase actnitv of the liver To determine the 
optimum pH for the release of the \ itamin from the In cr, 5 ml implcs of 
homogenate were added to IS mm test-tubes cont lining 10 ml of 0 1 n 
citrate-phosphate buffer of various In drogen ion concentration'^ In this 
experiment, tlie homogenate and buffer solutions were at 37° when mi\e<l 
After incubating for 1 hour at 37°, the te?t-tubc« were pi iced m a boiling 
w iter bith for 3 minutes and then cooled to room temp^'rature > ml 
samples were vvathdrawai, diluted to about 2a ml neiitrilizefl to pll 7 0, 
and made up to 100 ml volume Hter filtenng, the solution^ v trL''‘^-avcd 
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with Streptococcus faccdhs Tlio "''iinplc n'lnninirifi; nflor i\ifiulraunl of 5 
ml for assay wis used foi a iill (hMoiminnlion 
The optimum pll foi lat Inoi lonjUKaso \s'is (h'tennuud ns follows 5 
ml ofO 1 M citiatc-phosphalc buffoi of'vnnous h\dro;!:('n ion ( onci ntrntions 
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Fig 3 Effect of pll on the folic acid formed in rat li\cr homo^^rnatc upon inrii 
bation and on the conjugasc activitj of the homogenate Ciir\ e I , folic acid produced 
from PGA conjugate, Curve II, folic acid produced from the homogenate 

Tabiv 1 

Inahihly of Hog Kidney Conjugasc to Incrca<ic Folxc Acid Content of Ilcfitrd lint 

Liver Homogenate 

Reaction mixture f olic acid content 

^tre^L COCCUS fuccahi 

y 

5 ml rat liver homogenate, 5 ml citrate phobphate buffer, pll 0 0G5 

7 0, heated* 

5 ml rat liver homogenate, 5 ml bodiuni acetate buffer, jiH 1 5 j 0 OCo 

5 ml lat liver homogenate, 5 ml sodium acetate buffer, pH 15,, 0 OGof 

heated* 1 ml hog kidnej conjugase | 

5 ml rat liver homogenate, 5 ml citrate-phosphate buffer, pll 7 0 \ 0 oS 

1ml hog kidney conjugase, 5 ml sodium acetate buffer, pll -1 5 ' 0 015 

* Heated 3 minutes in a boiling vater bath 
t Hog kidnej conjugase blank subtracted 

and 3 ml of solution containing 10 7 of pteroylglutamic acid as PGA con- 
jugate (crystalline conjugate supplied by Parke, Davis and Companj’-) w ere 
added to a series of 18 mm test-tubes A rat liyei homogenate w as diluted 
•with 4 yolumes of water and 2 ml iveie then added to each test-tube All 
solutions were at 37° w'hen mixed After incubating for 1 houi at 37°, 
the test-tubes weie heated foi 3 minutes m a boiling ivater bath and cooled 
A 1 ml sample was withdrawal foi assaj'- and the remainder of the sample 
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^as used for the pH detemunation The results of this and the pre^^ous 
study are given m Fig 3 Although rat liver conjugase did function at the 
same pH at which the mcreases m folic acid in the incubated homogenates 
were the largest, the conjugase actmtj’’ was greatest in the more acid 
mixtures m which no mcreases m the fohc acid content of the incubated 
mixtures vere found (see Fig 1 also) It appears, therefore, that the 
precursor of the fohc acid formed m the homogenates is not PGA conjugate 
but some other substance of low microbiological actmty which can be 
enzymatically con\erted to the \utamm 
Further, it was found that hog kidney conjugase would release no fohc 
acid from heated hver homogenate 5 ml of the freshl}' prepared homo- 
genate were measured mto each of four test-tubes and treated as mdicated 

Table II 

Abthly of Rat Liver Homogenate to Increase Folic Acid Content of Heated Liver 


Homogenate 

Reaction mixta re* 

FoLc&ad contest 
Strtptcce<cus fat^a t 

5 ml heated\ rat Iner homogenate,! 5 ml citrate phosphate 

r 

0 09 

buffer, pH 7 0 

5 ml rat liver homogenate,! 5 ml citrate-phosphate buffer, | 

‘ 0 ss 

pH 7 0 1 

5 ml /icateeft rat liver homogenate,! 5 ml rat hver homogenate! j 

1 73 


* Incubated under toluene at 37° for 4 hours 
t Heated 3 minutes in a boiling water bath 

J Homogenate prepared as usual, except that pH 7 0 citrate phosphate buffer 
was used in place of water 

in Table I The reaction nuxtures listed were incubated under toluene at 
37° for 20 hours and assayed vath Streptococcus faccalis, as desenbed before 
The conjugase used was a frozen water extract of hog kidnet prepared as 
described by Bird ct (9) Its actmtj v as demonstrated on both erxs- 
tallinc PGA conjugate and jeast extract before its use m this expenment 
The failure of the hog kidnej enzj-mc to increase the fohc acid content of 
the heated homogenate is further exndence that the precursor is not the 
regular PGA conjugate The data m Table II demonstrate that the pre- 
cursor in the heated luer homogenates can be con\crtcd to fohc acid bj the 
In er enzj-mc 

Since it appeared possible that the ntamm might be bound to prol<’in‘=, 
making it unaaailablctothetcst organisms, asampleofcoldlncrhomngcnate 
vas adjusted to pH 5 0 uith acetic acid and centrifuged Tlic >nipcmatant 
liquid Mas adjusted to pH 7 0 ind again ccjitnfuged Tins supernatant 
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liquid was iicatcd ^Mtll solid ammonium sulfido (8 gm per lu ml ) and the 
precipitate which foimed uas cenlnfugal olT and i('su''p('nd('d in pTI 7 0 
citiate-phospliate buiTci Although the fiadion jiiei ipitatal l)j' ammo- 
nium sulfate contained about 2.1 pei cent of the folic acid pii eui-or present 
in the original liver sample (as detoi mined by a‘^‘''l^ following iiKub.ition 
with lat hvei homogenate), all of the pieiiiisoi was i(mo\fd In dial} sis 
overnight against cold luiimng water DiaUsis of the solution prior to 
ammonium sulfate tieatmcnt gaAC smiilai lesults It was tin n foie con- 
cluded that, if the substance is bound to pioteiiis, the binding is a \er\ 
loose one Veiy little of the jiiccuisoi (oiild be found in the jirei ifiitates 
formed at pH 4 5 and 7 0 



Fig 4 Folic acid in mixtures of liver oxlract and homogenate incubated at two 
hydrogen ion concentrations 

We next ground 100 gm of fiozen liver with 200 ml of cold water for 2 
mmutes in a Waiing blendoi 25 ml of cold 5 per cent sodium acetate 
buffer, pH 4 5, w'eie then added and the mixture was giound again for 2 
mmutes The addition of the buffei bi ought the pH of the mixture to 5 3 , 
oui pievious findings indicated tliat cnzjnnatic com ersion of the precursor 
to folic acid at this pH was very slow^ The mixtuie was then tiansf erred 
to a 600 ml beaker in a boiling watei bath and stored contmuallj^ until it 
reached a tempeiature of 90° It w^as maintained at tins tempciature foi 
5 minutes and then cooled Aftei filteiing wuth gentle suction through a 
filtei paper, the lesidue w^as mixed iwth about 50 ml of water and again 
sucked diy on the filtei The combined filtiate and w'ashmgs w ere concen- 
trated in vacuo to about 75 ml , ncutiahzed to pH 7 0, and made up to 100 
ml Samples taken before and after incubation wuth fi esh livei homogenate 
were assaj^ed foi folic acid with Sti eptococcus faecahs The follownng data 
were obtained folic acid plus the piecuisoi m oiiginal hvei, 220 y, folic 
acid in filtrate, 39 y , and folic acid as the precui sor in filti ate, 93 y ^Vlierc- 
as only 60 per cent of the folic acid plus the precursor piesent m the original 
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liver sample v as recovered m the filtrate, the method joelded a solution of 
substrate (fohc acid precursor) free of most of the protem present in the 
liver homogenate This substrate vas incubated at 37° under toluene m 
the presence of freshlj’- prepared liver homogenate at pH 4 5 and 7 0, the 
mixtures were sampled for assay at 0, 1, 2, 4, 10, 24, and 48 hours In this 
expenment 15 ml each of hver extract, homogenate, and buffer (01 m 
citrate-phosphate, pH 7 0, or 1 per cent sodium acetate, pH 4 5) vere used 
m each mixture Samples were mthdrawn and prepared for assay as 
descnbed earher, except that filtenng nas omitted Laclohacilliis casci was 
used m the assay (titnmetnc) mstead of Streptococcus faecahs The results 
of the study (Pig 4) are very similar to those obtamed in the mcubation of 
rat liver homogenate alone Here, honever, the disappearance of folic 
acid followmg the mitial mcrease is more clearly apparent as the time of 
incubation is lengthened These data indicate tliat adsorption and occlu- 
sion are not responsible for the differences in the release of folic acid from 
homogenates meubated at pH 4 5 and 7 0 

DISCUSSION 

In the microbiological assay of vanous liver extracts vith Streptococcus 
faecahs, the response of the microorgamsm to s^mthetic PGA vas not the 
same as it was to the liver extracts Decreasmg responses with the addi- 
tion of mcreasmg amounts of the liver extracts (as compared to the 
responses to PGA) caused “drifts ” This mtroduced errors mto the assay 
which were in part overcome by selecting values from a limited part of the 
standard curwe only By doing this, the results obtained in the assaj of 
several solutions of liver extracts with S faecahs compared well with the 
results obtained with Lactobacillus caset (titnraetric) “Dnfts” were not 
apparent with the latter microorganism with which longer incubation 
penods were used The occurrence of “dnft” indicated that S farcahs 
was respondmg to substances other than PG\, and we therefore cho':e to 
use the term “folic acid” m expressing our results Pfiffner cl al (10) 
reported the presence of an acid-labile factor in horse Incr to which S 
faecahs responded differently than did Lactobacillus casci It is possible 
that the occurrence of such a substance in rat Iner after incubation would 
cause “drifts” such as we ha\c obsened 

■'iMien Binklej cl al (4) reported the presence of \ itarain B, conjugate in 
certain luer extracts, they did not slate the method by whuh it wa*; 
determined Our work indicates that the conjugate is present in rat In or- 
in small amounts onlj Howeier, the possibility that the prccur-or which 
we Im e obsen ed is a larger molecule, which is first degraded to a conjm: ite 
and subsequently con\ertcd to PG still exists, ‘once e\on it pH 7 0 the 
Incr conjugasc is quite actne 
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Oui findings 'suggest tlmt ccrtnin lucr m'l} ba of o^cn 

giGiilei value (hail hog kidiiev or chieKeti fiain wi^i foi on?) mail- 

cally ti eating aaniples piioi to miciobiologioal a^'%'a Ilouovor, crude h\cr 
piepaiations appaiontlj' cause ‘'Ome dost lui (ion of fohe and and this 
propeity may limit (heir use Paitinlh junifitd Imr iirejvirdions ma) 
piove valuable 

SUMMAin 

Rat livei homogenates iiKubated af pH 7 0 nun i^-id laindl) in (heir 
folic acid contcnl, vhoicas (Iiom* uuubaled n( pH 1 o did not 'Phe ojiti- 
mum pll vas between 4 0 and 5 0 foi foln ai id i onjiigav' ni the homoge- 
nates Since at pII 4 5 neither aiitoU sis of the In ei nor digi st !(>n of heated 
samples with hog kidney conjugase enured an\ libnation of the Mtarnin, 
the piesence of a piccmsoi of folic acid other than jili loslglutania acid 
conjugate is indicated This precuisor is diai\7ab!e and stabh to short 
heat treatments 

ninuoGUAi’in 

1 Wnght, L D , Skeggs, II 11 , and Welch, \ D , Arch JSiocInii) , C, I') (ia}5) 

2 Burkholder, P R , McVcigli, I , and Wilson, K , Arch liiochnn , 7, 2s7 (iat5i 

3 Mims,V , Totter, J R ,andba\,P L , T Biol Chnn ,165, 101 (I'MI) 

4 Binkley, S B ,Bird,0 D , Bloom, B vS , Brown, 11 \ .Call ms, 1) fl , Campbell, 
C J , Emmett, A D , and PfifTner, J J , Science, 100, 10 (I'l] i) 

5 Laakow'ski, M , Mims, V , and Daj , P L , J Btol Chnn , 157, 7.51 (10 1’)) 

6 Bird, 0 D , Robbins, M , Vandcnbclt, J M , and PfifTner, J J J lUal Chnn , 

163, 649 (1946) 

7 Luckey, T D , Briggs, G M , .Ir , and Eivebjem, C \ ,J Bxol Chnn , 152, lo7 

(1944) 

8 Teply, L J , and Elvchiem, C A , J Biol Chnn , 167, 303 (1915) 

9 Bird, 0 D , Bressler, B , Brown, R A , Campbell, C J , and Emmett, A D , J 

Biol Chevi , 169, 631 (1945) 

10 Pfiffner, J J , Binkley, S B, Bloom, E S , and O’Dell, B L,J Am Chnn Soc , 
69, 1476 (1947) 



SOME STRUCTURAL ANALOGUES AXTAGOXISTIC TO 
PTEROYLGLUTAMIC ACID 

Bt D W WOOLLEY vxb A PRIXGLE 

{From the Laboratories of The Roclefeller Institute for Medical Research, 

. New For/) 

/ (Received for publication, Febniars 26, 1948) 

III order to extend the studies made in this laboratory' (1) on structural 
analogues antagonistic to metabohcally important compounds, a number 
of possible inhibitory analogues of pteroylglutamic acid have been prepared 
and tested biologically Smce this \ itamin is a pjTimidme compound, the 
prediction could be made on the basis of existing knowledge (2, 3) that 
replacement of this part of the molecule with a benzene nng vould jneld 
an antagomst Attempts v ere therefore made to sjmthesize qumoxalme- 
2-(p-methyleneammobenzoylglutamic acid) by the condensation of o- 
phenylenediamme, dibromopropionaldehyde, and p-ammobenzoy Iglutamic 
acid according to the general procedure (4) used m the formation of pteroy 1- 
glutamic acid An active growth inhibitor was produced in the reaction 
and obtamed in relatively pure form, but it did not appear to be the ex- 
pected qumoxahne denvative, but rather a more complex substance 
A shghtly different type of inhibitory analogue w as secured by the forma- 
tion of quinoxahne-2-carbo\ylyd-p-ammobenzoy Iglutamic ncid This com- 
pound w as readily obtamable in pure form and w as found to be a rather 
special kind of antifohe acid in that it w as effectn e in only one species 
The most powerful antagonist examined in tlus imestigation vas 2- 
amino-4 ,7-dihy droxy'ptendine-G-carboxw ly l-p-atmnobenzoy Iglutamic acid 
This substance is the same as pteroy Iglutamic acid, except that the methy J- 
ene bndge has been exchanged for a carbonxl group, and the hydrogen at 
position 7 has been replaced by OH It was thus a deniatnc of iso- 
xanthoptenncarboxylic acid The corresponding xanthopterincarboxy he 
acid dernative was prepared and found to be much lets potent 
Analogues identical with pteroylglutamic acid, except for the repkcc- 
ment of glutamic by aspartic acid or by methionine sulfoxide, w ere prepared 
and show n to be antagonistic to the x itamin in bacterial grow th How ex cr, 
others (5, 6) liaxe recently published reports dealing witli tiie asp irtic acid 
compound and therefore it x\ ill not be desenbed here 

LXPEniMEVTXL 

Compound Denied from o-Phcnylcncdianrnr, Dtbromop'op ornbjr/ ^ dc, 
and p-Avnnohcnzoylnlutamic Aad — \ solution of 13 3 gra of p-^mmo- 
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benzoylgUitamic ucul :uul 5 I gm of o-plu in h ncdi umin‘ m 300 (( of 
0 1 m 'i.c’cl vto bud Cl 'll iill 1 v\!is sin led 'uid I k' il< d diopu ne w illi n ‘•olu- 
tion of dibiomopiopion ildcln do jnejiiud 1)\ .iddiim 2 7 it of Inoiniiie to 
33 cc of acioloiii in oO (( of etliei in the (old I’le piodiK t lien; m to 
piccipitiilc immcdi.ilclv' 'iiid was filteied ‘ifiti si mdnig oveiniglil in the 
lefiigeiatoi The ciiidc inodiiet (10 gin ) was snspinrlid in ."jOD c( of 2 
N sodium hj'choMde sohilion d'ho insoluble niileiiil wis disi irded, the 
filtiate adjusted to pll 7 uilh dihile Indiodiloiii .iiid, 'ind (hionnlo- 
giapbed on 250 gm of '11110111111111 oxide d’he < ohiinn w as w mhed u ith 200 
cc ofMatci and, aftci conccntiating the (.niiienl to 500 (( , it u-is idjnsted 
to pH 1 Mith concentiatcd IndiochloiK uid 'J’he pienpil itc was dn- 
caided The actnc matciial (0 h gm ) pieiipil itid fiom the filti ite when 
the pll uas laiscd to 4 with 5 n sodium In dioxide solution I'hiither 
puiification was accomplished In a counlei-i iiiienl disii ibution (7) of 1 
gm between 100 cc poitions of but mol ‘ind 'i 3 m aiiueoiis pMidine solu- 
tion The actnc raatciial was most ibund'int in the thud of i seiics of 
mne tubes Repetition of the countci-cuiicnt distiibiilion indicitcd the 
substance to be homogeneous Dining the entire pin die it ion the 'intago- 
nist was followed by miciobiological tests with Lmlobncillu^ ca&ri The 
majoi pait of the potency of the ciudc icaetion mixtuie was obtained in 
the final pioduct 

Anabases showed C G1 2, H 5 G, N 12 1, and glutamic acid (S) 21 Al- 
though this compound appealed to be puic, it was not the denned ciuinoxa- 
line, since theoietical values foi C 2 iH:oOsN 4 arc C G1 S, II 1 9, K 13 7, and 
glutamic acid 3G 

Qmnoxaline-2-caihoxylijl-'p-avnn6bcnzoyl{jhdamic Aad — To a cooled solu- 
tion of 4 2 gm of p-ammobenzoylglutamic acid and 1 gm of sodium 
hydroxide in 200 cc of watci weie added with stiiiing and cooling 8 gm 
of quinoxahne-2-caibo\ylyl chloiidc (9) in 100 cc of cthci and 2 gm of 
sodium hydroxide m 20 cc of watei The acid chloiide and the sodium 
hydi oxide were added alternately m small poitions The ethei la} cr w as 
sepal ated and the w^atei layei w^as acidified to pH 4 with concentrated 
hydiochloiic acid The product (10 gm ) melted at 128° Two recnstal- 
lizations fiom alcohol laised the melting point to a constant value of 145° 
The compound w^as a pale yellow ciystalhne substance sparmglv soluble in 
H2O 

C-iHisOeNi H2O Calculated C 57 3 , H 4 5 , N 12 7 , glutamic acid (S) 33 
Found “ 58 0 , “ 4 6, " 12 9 , “ “ 31 

The water of hydiation w^as not lost upon heating at 100° foi 1 hour 

2-Amino-4 , 7-(hhydi oxypiei idine-6-carbox%jlyl-p-aimnobemoyl{ilutamicAcid 

— 1 1 gm of isoxanthopteiincaiboxylic acid prepaied accoiding to the 
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method of Pumrumn (10) "Rere tnturated in a mortar -nith 2 gm of 
phosphorus pentachlonde and 30 cc of phogihorus oxj'chlonde The 
mixture nas allowed to stand for 2 da3’3 at room temperature and was 
then freed of phosphorus cxj^chlonde bj* e\ aporation under reduced pres- 
sure and extraction with di^' petroleum ether The crude acid chlonde 
was condensed at 0° with a cold solution of 2 gm of p-ammobenzoj Iglutamic 
acid dissolved m 20 cc of 1 x sodium hydroxide The reaction was 
mamtamed alkahne bj^ frequent additions of sodium In dro\ de After 2 
hours h}’^drochlonc acid w as added to adjust the pH to 8, and a precipitate 
was separated bj^ centrifugation and discarded The solution was ad- 
justed to pH 3 to 4 with h 3 drochIonc acid or with acetic acid, and the 
orange precipitate which formed was coDected and washed with water 
and then with alcohol In some preparations tins product contained 
]soxanthoptenncarbox 3 he acid and this could be remo\ ed b 3 ' taking ad- 
vantage of the insolubiht 3 '' m water of its sodium salt Occasionalli , 
difhculty was expenenced m the formation of the acid chloride because of 
the msolubiht 3 ’- of ]so\anthoptenncarbox 3 he acid The acid chlonde 
could be formed b 3 ' heating the dr 3 ' acid with dr 3 ’ phosphorus pentachlonde 
in an oil bath at 100-120®, but e% en w ith this method, complete con\ ersion 
was not obtained Apparently replacement of the hidrovwl groups at 
positions 4 and 7 did not occur, since the final product contained onl} a 
trace of halogen In precipitation of the condensation pioduct with acid, 
care was exercised to avoid a low pH because glutamic acid w ns rcadi!\ 
lost under such conditions (see the next section) The mntenn! could be 
obtained cr 3 ’’stalhne b 3 ' \ er 3 cautious acidification of a solution of the 
sodium salt, but this was not a practical procedure for the preparation of 
large amounts of cr 3 stals The substance did not melt at 300® 

CijHnOjX Calculated X 20 S, glutannc acid 31 
Found “ 21 0, " “ GO 

2-Amino- 'i , y-dzhydroxyptcridmc-G-carboiylyl-p-aminohcnzoic . 1 cid — lien 
an aqueous solution of the sodium salt of the analogue dc^cribcel in the 
prenous paragraph was poured into boiling 1 x Indroch'ont and an 
orange precipitate formed which was apparcntl} 2-amino-l 7-ihh3drox3- 
ptendine-C-carbox3l\l-p-aminobcn7oic acid This follow ctl from tlie inal 
xscs which showed no glutamic acid and 25 0 per cent nitrogen (ihcon ,24 G) 
The substance was obtained as well formed crxstals b\ ■'dding alcohol 
to a saturited acetic acid solution, but this was not a practical method 
because of the low solubihta of the compound in acetic acid It did not 
melt at 300® The instabihtx of the glutamic acid residue in the '‘n''!oguc 
described in the prcMous •-cction was illu^^tr'tcd furth^'r in t’K finding 
that boiling an aqueous suspenMon of the compound for 10 minutf^ miucivl 
the glutamic acid content to 10 per cent 
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Method of Biological Tisl with Baclaia —Jti oidci (o me i^uio ntn nntaf!; 0 ' 
mstic iclationship of the (•()in])()un(ls (o })t(‘io\ !p;lulnini( jkkI, the medium 
desenbed by Lundj' and DieUcn (II) fiee of folu ae ul uas u^jcd For mo'll 
of the tests this medium uas foitihod uith 0 0001 y of pleroj Iglutamic 
acid’ pci cc and Lactobacillus casci was emplmed Othei specie-^ were 
examined imdci similai conditions to deteimme the lange of effoetutnC'S 
of the compounds as giowth mhibitoi^, and giaded lo\e!s of the \itainin 
wcie studied m expciunents to establish whetliei thi' ant igom^rn witli 
pteiojdglutamic acid was compctitnc m nafuie 
Giaded amounts of a substance to be tested wtie addid to a senes of 
tubes containing a constant amount of the \ it umn plus the ha‘-al medium 
Aftci inoculation, and incubation foi IS hours, the amount of growth in 

Tahii I 

Inhibitory Effect of B-Amino-JiJ-ihhvdroiypkrulini f> cnrhoTiili/l p amtr.nbrtunyl- 
glxttanuc Acid on Laclohacittus ca^n ut Pn-inrr of 1)0001 y of 
Ptcroylfilnlamic And per Cc 


Compound 


1 

f_ 

lutlitdilj* 

7 f(r cc 


j 


0 



71 

0 5 



Ml 

1 0 



VS 

2 0 


1 

'H 

5 0 



'll) 


* E\prcsscd as the per cent of incutent Imlit trniisinille(i 1)\ the (ulturi in (oni- 
panson to the unmoculated medium 

each tube uas deteimined both tuibidimctiicalh and h} mcisuiemcnt of 
pH, accoiding to the usual pioceduies Cuitcs wcie then consti noted 
w^hich lelated the coneentiation of the inhibitoi to the amount of giowth, 
and from these the coneentiation icquned to cause half maximal inhibition 
of grow'th was estimated A typical i espouse of Lactobacillus casti to 
giaded amounts of 2-amino-4,7-dihydio\5'pteiidine-G-caibo\yljl-p-amino- 

benzoylglutamic acid is illustiated by the data m Table I 
Inhibition of Growth of Lactobacillus casci by Stiuctural Analogues of 
Pteroylglutaimc Acid — ^Table II contains data to show' that the giowth of 
Lactobacillus casei m the piesence of 0 0001 y of pteiojlglutamic acid pci 
cc was inhibited by most of the compounds i elated m stiuctuie to the 
vitamin The analogues vaned m potenc}’-, the most actn e being 2-amino- 
4 , 7-dihydi oxyptei idme-C-cai boxylyl-p-ammobenzoylglutamic acid 
Gompchiion between Inhibitois and Vitamin — The giow'th-mhibitoi'j- 
action of each of the compounds wms completely eiased by inci eases m the 

iWc wish to thank Dr E L 11 Stokslad and Dr T H Jukes of the Ledcrle 
Laboi atones Division, American Cyanamid Company, for gifts of this material 



Amounts required for hMf maximal inhibition for 
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conccntiatioii of pU'ioylglutnmic luul J‘’ui (licimf)i( , <li(' nti('if!:orn',tn 
was competitive in natiiie 'J'lie dnla in 'J’-ihle III v ill df inotiMlinli Him 
fact in the case of 2 -amino-l , 7 -dilndio\i ptendme-P-i 'itliov-i h l-p-'inimo- 
benzoylglutamic acid Ileio it can he ‘-ecu tint, cxiipt foi llu ^nrdlc'.t 
conccntiation of tlie Mlaniin, wlien flie ‘1111011111 of tlie gioulh f-n tor ua-. 
doubled, the amount of inliibiloi leiiuiied to udiKi' gioulh lo Irdf maxi- 
mum hkevise vas doubled 

Relative Efcchvcncss of Vanoii\ Aiuiloinus on \urnl>i) of Spif o ^ — llw 
data in Table II show the conccnti'ilion^ of ( uh of I lie analoi^iK’') whuh 
W'eie requiied to cause the h-ilf maxinvd inhibilion of giou Ih of i u h of a 
mimbei of bacteiial species when tested in the jiu-etue of (){)()() 1 7 of 
pteiojdglutamic acid pci cc In contrast to the situation leidith dcMiibed 
for othei tjqies of antifohc acids (5, G, 12), most of the pie-c nt sub-.t inccs 
weie mole effective against Laclobacillu’^ co'^ei (han against Stvi jilncoccu^ 

Tabu III 

^moioits of 3-Amino 4,7-(iihjdrox>iplcn<ltnr G-cnrhoxiihil p nminnhrnzo] Iglulnric 
Acid Required for Half Maximal Inhibition of Grouth of Lnrtnhanllii^ rn”, i in 
Presence of Varying Amounts of Pteroylylulnmie \ctd 


Ftcroylglutamic ncid 

j Analogue required for Iialf mitimil inhiliition 

y per cc 

1 y per cc 


0 0001 

1 0 7 


0 0002 

2 T) 


0 0004 

") 


0 OOOS 

0 


0 OOIG 

2} 



faecahs In fact, some analogues seemed to be haimful onh to Lacto- 
hacilhis casei Thioughout the senes the dependence of an inlubiton 
action on the organism’s nutntional lequnement foi pteiojdglutaimc acid 
w^as apparent (cf (13)) 

Antagonism between 2- Ammo-4 , 7-dihydroyyptcndinc-G-cai bo i ylyl-p- 
aminobenzoylglutamic Acid and Ptci oylglulamic Acid m Rats — CopenhafTon 
strain rats w^eighing approximatelj’- 125 gm weie fed on biead and nulk 
and injected intiapeiitoneally with solutions to be tested A single doscj 

of 10 mg of 2-amino-4,7-dihydio\3Tpteiidine-6-caibo\yl3d-7>aminobenzoyl- 

glutamic acid proved fatal w’lthin 24 hours, wheieas 1 mg pei day foi a 
week was toleiated Simultaneous admmistiation of 10 7 of pteio3d- 
glutamic acid protected the animals against 10 mg of the analogue On 
the other hand, rats of this bleed and weight toleiated daily intiapentoneal 
doses of 100 mg of quino\aline-2-caibox3dyl-p-aminobenzo3dglutamic acid 
(as the sodium salt) for at least a w eek 
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SCM5L\R1 

Se\ CFal structural analogues of pteroylglutamic acid ha\ e been prepared 
for the first tune and show n to inhibit the grow th of certain bactena com- 
petitively with the Mtamin 2-Amino-4,7-dih3drox3'pteridine-6-carbo\- 
ylyl-p-aminobenzo} Iglutamic acid was the most active of these, but qum- 
o\alme-2-carbo\3d3d-p-ammobenzojdglutamic acid and a substance formed 
by the leaction of dibromopropionaldehj de with o-phenj lenediamme and 
p-aminobenzojdglutamic acid likewise were effects e against Lactobacillus 
casei Of the microorgamsms tested, only those which required pterojd- 
glutamic acid as a grow th factor were prevented from multipljnng bj" the 
presence of the analogues 
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ISOLATION AND ANTIFUNGAL ACTION OF NATURALLY 
OCCURRING 2-]METHOXY-l ,4-NAPHTHOQUINONE* 

JOHN E LITTLE, THOMAS J SPROSTON, vnd MURR VV \\ FOOTEf 

{From the Departments of Agricultural Biochemistry and Botany of the 1 ermnnt 
Agricultural College of the Unnersity of Vermont, Burlington) 

(Recei\ed for publication, Februan 17, 194S) 

Several antibiotic compounds haie been isolated from gieen plants 
Those ■which have been structurally identified are citnnm (1-4), dicumirol 
(5-7), and protoanemonin (8, 9) Other less v eU defined factors are an oil 
from Alhum sativum (10-12), a colorless crjstallme compound from .4rc- 
tium minus (13), Products A and B from Asarum canadense (14), cassic acid 
from the lea% es of Cassia reticulata (15), crepm from the buds and flou ers of 
Crepis taraxacifoba (16), a lou meltmg compound from the leates and 
flowers of Spiraea aruncus (17), and tomatm, occumng in Lycopcrstcon 
esculenium (garden tomato) (18) An antibacterial substance lias also been 
extracted from Tillandsia usneoides (Spanish moss) (19), and the miUa 
juice of crushed water chestnuts has been shonn to mhibit the grontli of 
Staphylococcus aureus, Eschenchta coli, and Aerobaclcr acrogcncs (20) 

iMany of these matenals have been tested for actmtj- exclu^n eh against 
strams of the common test bactena used m most laboratone-: to determine 
effectiveness agamst zoopathogenic organisms For the most part these 
compounds have been found to be of little use to date beaiusc of Ion po- 
tenc}’’, to'acity to animals, and low stabilitj 

Work in this laboratorj' has been directed toward the discov cn , purifica- 
tion, and charactenzation of compounds occurring in plants v Inch mav be 
useful against pfij-topathogens causing destructive plant di'ea>e~ Such 
compounds should be less toxic to plant cells and might therefore be ii-cfl 
adv antagcouslj'' for the control of plant pathogens 

This report deals with the discov erj, isolation, and idcmiricalion of 2- 
metho\v-l,4-naphthoquinone occurring m garden bal-am (Impaiirns 
balsamuia L) A short descnption of its antifungal activ itv i^ includwi 
A semiquantitativ e assiv procedure with an alcohol-tolcnnl '■trim of 
veast as the susceptible test organism was used to facilitate tin i-ol if ion 
The utilization of this veast permitted the testing of 1(X) ptr (cut cthvl 
alcohol extracts of the plant material This assav procediin i- dt^-cnhcfl 

•This research was p<vrtiall\ supported bv a grant fro-i th< Hiru"!! I 'it’i 
F oundation 

t ^^c arc indebted to Mr Mien T Jono® Mr Andrew J Cuhe, anii Mr tti’lis—. 
W Scott for the development and U'-** of the mrrobio’opcvl w pr<xv-Jiire* 
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Tins iuii)htho(niinono lins Ixumi s\ tillKsi/( d jurMoii^h (21 -23) hut, has 
not licen icpoitod as a naluial i)iodu(’l, allhniiu:h 1 iw-'Oiu (2-hjdi()\>-l ,'i- 
iiaphthoqiunonc) Asas isolated from llic Ic'imn of I/tw^nnin innmi-^ T; 
(24-27) 

The antibiotic comjiounds, fuinin'din, ja\ani(m, and ^pinnlo^n, arc 
knon n to be mclho\vquinoncs Main otlni nu ihoxMiuinonc-. Icn < been 
found to possess inaiked aiitiliiolK lu li\ il\ (2S-)0) 

] \1*I l(IMLNr\I, 

Mia obioloqical Pioculuics — The aellMl^ of (iiah jukcn oblanud fiom 
Impadcus hatsavnna L^^as tested In the <\lindei pi de nut hod dc-'dibcd 
by Innng (31) nith the Robbins agai nualinm (32) Merli i were adjusted 
to pH 7 0 ith 0 05 N NaOII Bactei lal iiuu ulmn w is pi odiir i d in broth 
m 24 hours at 37° Fungus spores weie juodined at 20" on Robbins’ 
agar slants m 7 to 9 days Yeast cells ncie piop igiO'd on Robbin^-’ agar 
slants at 20° m 48 houis On test plates butein giew onh faiiK noil 
after 18 houis incubation, at which time 7one readings w ( le ni ide Fungus 
culture zone plates weic stoicd at a constant tcmpeiatiiie of 20° arul, after 
incubation of 72 and 96 houis, leadings were t iken The ^elst w is kept 
at 20° and cultuics could be lead aftei 48 houis iiuiibition Foiii pcni- 
cylindeis weic placed on each Pctii dish immcdiatcl} aftei the igai Ind 
hardened and each filled w ith 0 3 ml of liquid 

The led j-’cast Rhodotoriila (jlxdmis Ilarnson’ sened o\tellenth as a test 
organism for alcohol solutions of ciudc juice cxtiacts oi foi pine ‘^olutlons 
of the ciystalline mateiial In caily woik the organi'^m was grown on 
agai slants and inoculum was produced bj washing the slants with watci 
This 10 ml suspension was added to 100 ml of agu befoic flooding each 
test Petii dish with 3 0 ml Howcvei, it was found more ichablc and 
convenient to giow^ the yeast cells m Hansen’s No 2 hquid-acrated medium 
(33) foi 4 days at loom tempeiatuie This cell suspension was then kept 
in the lefiigeiatoi at 8-10° and diawn on foi unifoim samples Cells 
counted by means of a Levj’’ chambei ran about 600 million pei ml Ynicn 
diluted with agar, this would mean that theic weic appioximatelj 143 X 
10“* cells per sq cm 

LDbo values and dosage-i espouse cuivcs weie obtained b\ standaid 
procedures (34) with Momhma {Sdaotima) fiuchcola as the test organism 

Isolahon Piocediire — ^Aftei many tiials the following method was de- 
veloped 675 gm of the diied giound floweis of Impabeiis balsamina L 
w'eie e\ti acted by stnrmg foi 30 minutes wuth 4000 ml of absolute ether 
The slurry was filtered on a Buchnei funnel and the cake e\ti acted again 

1 The yeast Rhodolorula gluitms Harrison was identified by Professor F M Clark 
of the University of Illinois 
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w ith 4000 ml of ether After filtration the filtrates, n hich ivere orrnge- 
yellon m color, ere combmed and concentrated to 1800 ml This solu- 
tion nas run through a chromatograph column packed with 240 gm of 
Broclmann’s alumina The filtrate nhich contained the actne matenal 
i\as concentrated to diymess in lacuo and 900 ml of petroleum ether 
(boihng point range, 35-45°) nere added After stimng for 20 minutes 
the matenal nas filtered on a smtered glass funnel and the precipitate 
washed n ith petroleum ether and dned on the funnel 507 mg of a 5 ellon 
crystalline material melting at 177-179° were obtained Tins matenal 
n as purified b}' repeated cr 3 'stalhzation from absolute ethanol after treat- 
ment n ith norit and after filtenng the hot solution The highlj punfied 
matenal crystallized as hght yellow needles and melted sharph at 1S3 5° 
Chemical Properties — ^The compound nas found to be e\tremeh soluble 
in chloroform and benzene, moderately soluble in alcohol and ether, and 
almost insoluble in ir ater and petroleum ether It n as neutral to litmus 
and did not dissolve m aqueous acids It dissoh ed in 3 x XaOH, gn mg a 
dark red solution Acidification of this solution reprecipitated a jellon 
crj stalline material * 

No color was obtained nith feme chlonde solution A solution of the 
material in alcohol rapidly decolonzed IvMnOr nith the formation of 
MnOj 

TTie matenal sublimes belon the melting point and has a mild phenolic 
odor 

Slruclnre Proof — ^A sodium fusion pro\ ed the absence of sulfur, mtrogen, 
and halogen i 

Molecular n eight by the Hast method was 16S This nas later shonn 
to be low, but explainable m the hght of unreliabilita of this method, as 
apphed to naphthoquinones 

I\Iicroanal 5 ^sis- of a sample of the material melting at 1S3 5° gai e the 
following aalues 

Analysis — CuHsOj (ISS 2) 

Calculated, C 70^, H 4 2S, found, C 70 a.7, H 4 22 

Since the analjsis and properties of the mitenal sugge-ted either a 
methoxy- or a metiulhx drown iphthoqumone, a meflioxal determination 
as carried out w ith the follow ing results 

inahjsis — CicIIsO OCnj(lSS2> 

Calculated, mcthowl IG 4n, found, 1C 52 


* \!1 microanaU’ses were earned out h\ the Clark Microarah lical I^iho-a'c-v , 
krbana, Illinois 
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2-M5,Tnox’i-] ,'i-XM*Hni()gt,i\0N} 


In ordoi (n (loloiniinc (he lotnfion of tlio inctliow ^Toiip n ‘-•itnplo of 
the eomponnd wiis fust Imho!} ml to ieino\e llo irn f}i\l group f2J), and 
then oxidized with lIiO; ns follous 

103 mg of the flemethylnted inatiMi'il wire div-ohed in a tninunum 
amount of 0 1 n N'iOII hv iiniming grnfh 1 ho ^tihilion was (ooUd to 
loom tempeiatinc ’ind o ml of ‘-iipeioxol 'olrhd After 2 hours n red 
iiVbtnllme pieeipitate sejinuited hut uiimedi'ilc I\ rediS',oKed upon the 



Fig 1 Comjiai ison of the ultraA lolet light absorption cun cs of s,\ nthctic (Cur\ o 
S) and natural (Curve N) 2-melho\A -1,4-nnphthoquinoncs The\ nines for the 
sjntlietic comjiound are expressed as t X 10-’ +1000 so tliat the cur\es will not be 
superimposed 

addition of a few diops of 12 n NaOH Aftei o hoins standing at loom 
tempeiatuie the solution became coloiless This was extracted ten times 
with an equal volume of ether to lemove the excess HoOj The solution 
was acidified by the addition of 3 ml of 3 n HCl and extiacted ten times 
with an equal tmlume of ethei The ethei extract u^as concentrated to 
drjmess tn vacuo and the i esidue dissolved m 3 ml of absolute alcohol and 
filteied The alcohol was lemoved by evapoiation and the solid material 
ledissolved m a minimum of hot water Nont Avas added and the solu- 
tion filteied hot Upon coohng a precipitate of colorless pusmatic crystals 
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was obtained This compound v>as recrjstallized from hot iiater The 
yield M as 45 mg The ground matenal melted at 191° with effen*escence, 
resohdified at 108°, and remelted at 131° There was no change m these 
values when the matenal was mixed vith an equal quantity of phthahc 
acid The analysis for this matenal vas close to that for phthahc acid 

Aiiolytis — CsHeOi (166 1) 

Calculated, C 57 84, H 3 64, found, C 57 72, H 3 5S 

It uas obMous, after identification of the oxidation product as phthahc 
acid, that the methoxy group was associated with the qumone nng of 

Table I 

Zone Sires Obtained againet ^'anous Organisms tcith Hitract* of ImpaUcns 

balsamina L 


Test organism 


Zone 


irr 


Momlinia fruclicola 0962t 

32 0 

CoUeloinchum Undcmidhiantim \ t 2 

31 3 

Aspergillus ntger 9G42t 

IS 0 

Pcntcillium notaliim 9178t 

39 2 

Pylhtum dcharyanum 99981 

16 0 

Trichophyton mcniagrophytes 95331 

0 

Usltlago aienac 10056t 

0 

Rhodotorula glutinis 5 t 3-1 

35 6 

“ “ vt-3 n 

35 6 

Escherichia colt 9637t 

0 

Staphylococcus aureus 9144t 

37 7 

“ “ 653SPt 

37 7 

" “ riorcj strain (England) 

30 5 


* The e\tract was prepared as follows 10 pm of dned, proond fiov ers were ev 
tracted In stirrinp for I hour in 40 ml of absolute alcohol Tlio 'lurra vns filtered 
and the residue washed once with absolute alcohol The filtrate wx' concentrated 
at 15° in lacuo to 20 ml To tins filtrate 70 ml of distilled w itc- e ere add* d and the 
solution again concentrated in tacno to 30 ml The solution was ncutr,-lized \ ith 
NaOII and draw n through a 8eitz filter I ml represents 0 3r pm of dried tratenal 
t Vmcrican T\pe Culture Collection 
J Meohol solution 


naphthoquinone, and it w is suspected tliat the comjiound was 2-mcthoxy- 
1 ,4-naphthoquinone Thi« w i« confirmed ba ^ specl’-ophotomctnc com 
panson with the pure sa-nthetic compound (21) ‘^ohit’ons of l>oth the 
naturil and s^^lthetIc compounds were prepared by dF'ohinp 10 me in 
250 ml of absolute ilcohol winch lind been ptinficd In treatment . ith 
norit followed ba distillation Higher dilutions an ’-e made aahea no-r r 
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to maintain the ^on^^tt^It^ of the u'lflnu' I'iu al- nrption nvuIinRi v.rro 
made on a Beckman model D(' 'pit Itnphnlomi l> i \ (ompiri‘On of the 
cuncs m Fig 1 mil show that (he two (uinpoiiiid an iderda d \1 o a 
mixed melting point (18S o”) should no dipn ion ule n (ornpand to tint 
of oitliei compound 

Aiiltfimgal Aclivilti — Table I h (“^ the /one->i,< dhtaimd at:innt v'\enl 
phvlopathogenic fungi and agauisl the a - 1 \ \( t t ulun le tnl m pre- 
viously dcsciibcd Both ah ohol and uabr ixh at . i n' t' t(d ngaiinl 
the veast While the s()lublll(^ in uatM n lou, t( ua found that If) niq 
could be dissohcd in 1000 ml of distilhd uuIm if thi’ material uas fineh 
giound and the suspension n aimed to 70'" 

Tabic II bhons the cfTci ( of dilution upon thi' \( ist as a\ roni's 

T\nn n 

Ejlfccl of Dtluhon on '/one Size- for hulurnlUi Ornirrtni} 'frllorn t t rnph 


thoQUiuonc xtith RJiotlotornln (ilnltnx'^ 

1 - h 

t Onjnrftr 



Dilutions 

1 0 

, 1 : 5 ’ 

1 ' 

1 7^ , 

1 10 

i 1 15 

1 

i :5 


' nn 

1 r*r» 


nrt 1 

n** 

j 

r*rt 

Zones in alcohol solution (2o 1 

mg ' '17 

■V) 1 ‘ 

Ml G 

22 1 ! 

! 10 r. 

1 1.') G 

s 

per 100 ml ) 

, 



i 


1 


Zones in A\atcr solution (9 G ing 

per 21 7 

10 0 

I 

s 

s 

! s 

s 

100 ml supersaturated) 

1 

1 

’ 1 

! 

1 



1 

1 



The LD„o values (34) against Momlt7ua {Sclooluna) Jiuclicola for the 
natuial and synthetic 2-metho\x-l ,4-naplithoquinonc ucic 0 00305 mg 
pel ml and 0 00310 mg pei ml icspcctnch The slopes of the dosage- 
lesponse cuives veic 0 784 foi the natuial and 0 853 for the sjnthetic 
matei lal The methox}’- compound a\ as consideiablv moi c actn e than v as 
lav sone 

Toxicity of a solution containing 10 mg of the matei lal m 1 liter of 
distilled AAatei vas tested against 3 ueek-old tomato and bean plants 
No phytotoxicity A\as evident 


DISCUSSION 

The isolation of 2-methoxy-l ,4-naphthoquinone fiom a plant source, 
combined AAith the finding that this compound is non -toxic to tomato and 
bean plants, suggests that peihaps this matei lal AAmuld liaAc value as a 
fungicide The high potency, as expressed m the LDbo A^alues and the 
slope of the dosage-response curve, also suppoits this idea While its 
AA ater solubility is Ioaa , it is certainly no Ioaa ei than that of other common 
fungicides such as phygon and has the possible adA’-antage of Ioaa ei phyto- 
toxicity 
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The synthesis is relatively simple and cheaper methods could probabh 
be developed 

The high antibiotic potencj* of methoxj’--, as compared to hj droquinones, 
has been noted previously (30) and is confirmed m this instance 

SXJ3I3IAE1 

1 The existence of 2-methox5''-l ,4-naphthoqumone m plant cells nas 
estabhshed by its isolation from Impahens halsamina L (garden balsam) 

2 Details of its identification are presented 

3 The matenal is non-toxic to j'oung tomato and bean plants m con- 
centrations tvo to three times its LD^ 3 alue 

4 Actmties against se3eral ph 3 i;opathogemc organisms and others 
are listed 
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THE LECITHIH, CEPHALIN, AKD SPHINGO]\n'ELIN 
CONTENT OF SERUjM* 


I AS INDICATED BY THE CHOLmE-PHOSPHORHS AKD 
NITROGEN-PHOSPHORUS RATIOS 

BrB G SIKCLUR 

WiTB THE Assistance or Hevbt Tsotuei antj Eve Minovitch 

{From ihe Department of Biochemistry, Queen’s University, Kingston, Canada) 

(Received for publication, February 7, lO-lS) 

In 1944 Taurog, Entenman, and Chaikoff (13) reported that the ratio of 
chohne to phosphorus m the acetone-insoluble hpides of human and dog 
plasma was close enough to 1 0 to justify the conclusion that cephalin m as 
almost, if not entirely, absent Although instances of the absence of 
cephahn from plasma had been reported before (1, 8, 14), most of the 
earher work (cited m (13)) had indicated that some 20 to 40 per cent of 
the plasma phospholipides consisted of cephahns, or at least of non-choline- 
contaimng phosphohpide In spite of the wealth and consistencj' of the 
data presented Taurog et al (13) and later bj' Entenman and Chaikoff 
(3), a further and independent studj' of the problem seemed desirable 
This was the primary object of the present work However, the stud}' 
w'as extended to the serum of beef, pig, and turkey, as well as to human 
and dog sera Furthermore, the experiment was so planned as to obtain 
infonnation on the sphingomj'ebn and lecithin, as well as on the cephalin, 
content of the various sera 

It so happened that at the same tune Hack (9) had undertaken a some- 
what sunilar studj of the composition of human plasma phospholipides 
His data show that in the fasting human subject the plasma phosphohp- 
ides, on the av erage, consist of 79 per cent lecithin, 16 per cent sphingomv c- 
Im, and 5 per cent cephalin In the mdmdual subject':, however, ccph- 
alin was found to varj' from 0 to 17 per cent of the total 

The general plan of the present work was to isolate the lipides from 
relatively large volumes of serum or plasma, to fractionate them into 
acetone-soluble and acetone-insoluble fractions, and to purifv the latter 
in such a waj'as to insure that it contained onlv lipide nitrogen, phosphoni':, 
and chohne Dialvsis was chosen as the most satisfactorv method of 
removing non-lipiJe impurities The chohne to pho=phoni« (C P) raho 

• Reported before the tmoncan Socictv of Biolopcvl Chf'mi't'i at C! irapo, Via , 
1917 Tins viork i\'>s supported bj n prant from th'' Dinsion o' Mrdir d a-rb 
the National Research Council 
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rno' Tirol, ti'int or * r to m 


^\ns l.'ilvcn io 1)0 u \ iilid iik'.mmiio of Iho pt rt ('iiluTf of l'’f if hut pltis ‘.pliuigo 
mjclin Till' (lifToi cut 0 Ix'lwi ('ll fill \ 1’ infio jitu! 1 0 v,n‘ n- omi <1 folio .1 
mcabiuo of (lio pen onf-igo of ‘.plnimoiim liti iii tlw' tot'il plu^pliolipiflo. 
The valiihfv of (ho‘'(' Iam) n'.soinpf lon-^ i'- (It ilt uilh in flu ."k oni[» lining 
papci (12) 


1 \TI IlIMI N 1 \i. 

The hpulcs Moio isol'Uod fioin fliKi' lofs of Ixf't ‘•('I'l, f^vo of pig ‘''rn, 
U\o of pooled tullve^ ''Oia, one ol poolid dog '■I'l.i, and oni' of poolid human 
scia* All animals noio oithoi fasting 01 in a po-f di.orpfno s|'>fo Tho 
volume of scium oxliaitod langid fiom oS") to 1 170 ml In addition, tho 
lipidcs wcie e\(iat‘f('d fiom the hepanm/cd phi'-inas of lout jonng rnon in r 
postabsoiptive slate 

Exbachon — Tho details of tho jiiofodiiro implovid wire not stricth 
unifoim thioiighoul Slight modifii ’ition-. wi'U' introdinod with oacii 
successive e\penmcnl Noacitholoss, the gonoial pl-ni was tlu simo and 
■was as follows The ficshlv draw n blood was i olloi ti'd in 2 lO ml i oritrifiigc 
bottles, chilled as soon as possible, and (ontrifiigid 111 a iifngoratcd loorn 
The pooled seuim was loccntiifugod V small aliijiiol (.> or 10 ml ) was 
taken foi deteiminalion of the lipido phosphorus i ontoni .as a i hook on the 
completeness of the extinction of the mam lot This mam lot was poured, 
wnth shaking, into 3 volumes of acetone 'I'lic mixtmo of scrum and 
acetone was let stand at —33° to —35° and then filteiod w ith sm tion at the 
same tempeiatiue The object of this stop was to prooipitato most of the 
serum lipides, paiticulaily the phospholipidcs, along with the proteins 
and to lemove most of the scium watci with the acetone The filter cake 
w^as divided into suitable poitions, thoionglil} mixed m a Waring blendor 
wnth an alcohol-ethyl ethei mixture (3 1), let stand a short wliile with 
frequent shaking, and then filteied with suction This alcohol-ether ex- 
traction wms lepeated The filtei cake was now blended w ith ethyl alcohol, 
poured into a sac made of filter papei, and extracted m a reflux extractoi - 
The filter paper and serum piotems w^eie again mixed with alcohol and 
further exti acted wuth hot alcohol It was evident that the amount of 
hpide extracted bj’' the twm hot alcohol extinctions made up a very small 
proportion of the w^hole ® 

) The author is indebted to Dr A L Fisher, tho Connaught Laboratories, tlic 
University of Toronto, for the pooled human serum 

2 This reflux extractor consisted of a P^'rex percolator connected to a 500 ml 
Erlenmeycr flask and a 1 liter round bottomed flask as condenser 

3 The completeness of the extraction procedure was demonstrated in two wajs 
In several cases the final alcohol extract was evaporated separately and the residue 
was extracted wuth petroleum ether-chloroform (2 1) The latter extract was 
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Evaporation of Extracts — ^The acetone evtract, containing most of the 
serum -nater, iias e\aporated at about 40° under reduced pressure and m a 
gentle stream of mtrogen imtd water began to condense m the connectmg 
tube Little trouble from foammg was met n ith The turbid concentrate 
lias extracted twice with ethjd ether The latter was put awaj- m the 
refngerator The aqueous mother liquor now contamed an insignificant 
amount of lipide, as shown by evaporation to complete drimess followed 
by extraction of the residue 

The alcohol-ether and alcohol extracts were eiaporated as above, suc- 
cessive extracts being added as the earher extracts became concentrated 
The evaporation proceeded smoothl} to diyness at 35-40° without anj 
trouble from foammg Finallj" the ether extract of the imtial acetone 
extract was added and evaporated to drjmess 

Fractionation — The light or deep jellow residue (depending on the 
species) was now repea tedlj' extracted with succesave small portions of a 
petroleum ether-chloroform mncture (2 1) (PE-CHCL) The msoluble 
portion was remo\ed bj centrifuging The solution was aspirated into 
100 ml of acetone The almost white precipitate that formed was packed 
by centrifuging and the clear acetone supernatant was poured off The 
precipitate was redissoh ed in PE-CHCL, centrifuged free of a small amount 
of insoluble material, and again precipitated w ith acetone The acetone 
precipitation was repeated The acetone-insoluble material was agam 
dissohed m PE-CHClj and put awaj in the refngerator 

The three acetone supernatants were combined and eiaporated almost 
to drjTiess in a stream of nitrogen under reduced pressure The lipide 
residue was repeatedl} extracted with warm acetone The acetone ex- 
tract was allowed to cool to room temperature and the resultant precipitate 
collected bj centrifuging The acetone-insoluble material was added to 
the earher crop To the clear acetone was now added 1 mi of a saturated 
solution of magnesium chloride in ethj 1 alcohol .Uter aagorous shaking, 
the precipitate was centrifuged The resultant clear acetone solution 
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A\as found by nnnljsis to contnm not inoro thnn n trjM< ot pluwplioni^ 

It yas ba\cd foi fuitlici stud> 

The piccii)i('vlc of inngiu' itim i hlondo and {dio phnlipide Uif- < rmil-ififfl 
yith yalcr and dialj/cd 'J’he pho-pholipid*' tmiil-inn v -i^ <lrifd under 
icduccd picssiiic* 'riie i('‘'td('m( icl'i(iul\ ‘tn'ill (top o‘ [dio pholipido 
yas cithci yt'ighcd tind tinah^cd •■(‘p.'iiatth or (oitiltirud uith tlie umin 
lot of acctone-niboluble inaloiia! An tdapiol of lln lattt'rvn nov talon, 
dijcd, and analj/cd foi niliogon, pho-.})boni^, tind diolmo 

Pwificatwn — It lb yell knoun fiom the ob-ora ation- of otlur-', p'lrfie- 
ulailj’’ IMacLcan (11), that the iihosphohpide-^ Hohitod b\ tui'tono pre- 
cipitation fiom the total hpidc extuuts of to lu ■< (onlain tpiite largt' 
amounts of non-hpidc impuiitics ylmh tire rah m tuttoi’on 'i ho pro'-i 
contamination of the phospholipidci ‘^unllIlrb\ obl'inud lioiu blood J)^l^nn 
01 seium has also been tlcailj deinonstrtitcd b\ tin work of I'oldi and 
Van Slyke (7) and of Chiibten‘-cn (2) IIo\\c\oi, no d it-i on tin* relntnc 
propoitions of phospholipidc and non-lipide impinitn , in the tuetonc-m- 
soluble lipides from scia seem to h'ue been publi'hi il 

Such data have been obtained in this luo'Ont work b\ dialv/ing the 
emulsions of the crude acetonc-mKihible hpido-^ and doteiininnig the 
deciease in y eight Since the mateiiil yas anahml foi nitrogtn, pho'- 
phorus, and choline, both befoic and aftci diahsis, the change in thc'c 
components as a result of the dialjbis could be (akulatcd I'oi diab&is, 
the acetone-insoluble lipidc yas freed fiom oiginic sohent under icduccd 
piessuie, emulsified y ith water, and tiansfeiicd (luantilatn el\ to a \ isking 
sausage casing Dialysis y as carried out at -f- T foi 3 to .3 dtu s in a rock- 
ing dence agamst a steady floy of distilled yatci 'J’hc cmubion yas 
kept stu-ied by marbles inside the sac The hpide cmukion yas now 
dried under reduced piessuie at a loy tcmpciatuie The lipidc residue 
dissolved in PE-CHCb to form a clear, veiy faintl}" jelloy solution 
Analysis of these dialyzed seium phospliohpidos shoyed that the ab- 
solute content of N, P, and choline yas beloy that calculated for a mixture 
of lecithin, cephalm, and sphingomyelin Mtei considerable stud 3 ' it yas 
discovered that, m spite of the earlier repeated piecipitations y ith acetone, 
the material contained an appreciable amount of free fatt 3 ' acids together 
with a small amount of neutral lipide that gave a strong reaction for fatt 3 ^ 
aldehyde with Schiff’s reagent (5) These could be lemoved by precipita- 
tion of the dialyzed phosphohpide with acetone 
Accordingly the foUowmg procedure was adopted The buUc of the 
phosphohpide was precipitated from the concentrated PE-CHCb solution 
with acetone The precipitate was washed once with acetone and then 
taken up m PE-CHCb and stoied in the refrigerator To the clear super- 
natant acetone, magnesium chloride in alcohol was added and the resultant 
piecipitate centrifuged This further crop of phosphohpide was emulsified 
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with water, dialyzed free of taagnesium chlonde, dned, and combined 
with the bulk of the phosphohpide 

Analyses — ^Ahquots of the PE-CHCh solutions -nere freed of solvent in 
a stream of Nj and dned over PjOs This weighed sample was redissolved 
m chloroform A smtable ahquot (40 to 100 mg ) was pipetted for the 
determination of mtrogen and phosphorus and another ahquot for cholme 
determination 

For mtrogen and 'phosphorus analysis, the sample was digested with 3 ml 
of fummg sulfunc acid and 1 gm of catalyst (copper sulfate 1 part, potas- 
sium sulfate 9 parts) for at least 4 hours on an electnc heater A small 
piece of sintered glass sensed as an eflBcient antibumpmg agent The 
digest was dissolved in 25 ml of distilled water A 10 ml aliquot vas 
distilled m a micro-Kjeldahl apparatus^ to detenmne the mtrogen content, 


Table I 

Replicate Analyses on Egg Lecithin 


Bftte 

N 

P 

Choluie 

N P 

C P 


pcfcxnl 

1 pcfccni 

pcrctnl 



Jan 25 

1 80 

3 91 


I 02 


'* 27 

1 75 

3 80 

16 95, 16 81 

1 02 

0 99 




16 90, 16 90 


! 

Feb 3 

1 SO 

3 96 


1 01 


“ 18 

1 83 

' 3 99 

17 35 

1 01 

KtH 

Mar 13 

1 79 

3 95 

17 IS 

1 00 


Apr 14 

1 76 

3 95 

17 19, 17 00 

0 99 


“ 22 


1 

1 

16 93, 16 82 

1 

i 

nn 

A^ erage 

[ 1 79 1 

! 3 93 , 

i 17 00 i 

! 1 01 

' 0 97 


bone acid bemg used to absorb the ammonia A 2 ml aliquot, diluted to 
25 or 50 ml , was used to determine the phosphorus content bj the method 
of Fiske and Subbarow (6) 

Choline was determined by the method of Entenraan and ChaikofT (3), 
as prescribed by the authors, except that the choline reincckate vas dis- 
soh ed in 10 or 25 ml of acetone in i olumetnc flasks 

All colorimetric measurements vere made vith a Coleman Xo II 
spectrophotometer 

The three analjlical methods vere checked rejicatedh b} anahzmg 
known solutions and also by the analj sis of a punficd sample of egg j oik 
lecithin 

Since the latter results offer the best basis for as^ssing the significance 
of the data obtained on the sera phospholipides, the\ arc set fo-th m com- 
plete form in Table I These data need little discusaon InsTKctmn 

* Scientific Glass Apparatus Compan\ Xo ^I-Sy!>5 
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shoMstlial llio lango in (he (':!* ralu), to vliah parhttilar iinportnnrc ^wli 
bo aitaohod, is of tlio ouloi of OOf .Sum tl\t ptinlu'd f pr !((itliin ron 
iainod no d(’t('(‘(ahl<’ ainiiio llu' (muh ( t (' P latio v })rmuma!»K J 00 
The data indicate tint the (holiin ^ahie', P tidtal to la sotneciiat loo lo>v 
It has been oui o\peiienee that one of the r ‘ouirts of \anation in the 
absohde pciccntaffcs of mtioi;en, phn-,phoui >. and (holme is the dininiltj 
in gettmp; tlic tiue dn ^\elgh( of the •^■itnph’, due to the tendt nr\ of plie- 
phohpidc to letiun watei oi ah ohol, on the oiu' hand, aiul to o\idi?e on the 
othei The pioccdine used in this 'iluih uas m) dui en at to minimue 
fnctois that could leduee the luaunuN of (he N I’ and C I’ ratios 


i \)ti 1 ir 


Coiiipo’^ltioii nf \.r> lour 1 ifoUthU L'prif” 


Scrum 

N 

V 

CH! — 

I 


frr (til 

f'tr 

ftr 


Pooled humnn 

2 10 

2 70 

12 20 

1 07 

Human I* 

1 OS 

2 r>il 





“ II* 

2 .30 

.3 OOl 


10 SI 


11 71 

“ III* 

2 20 

3 OS! 




11 05 

c« jy* 

2 22 

3 10! 


13 01 


[1 r>b 

Beef I 

2 !9 

2 $7 

11 10 


2 23 

“ Iln 

2 05 

2 05 

12 SI 

1 00 

“ lib 

2 07 

2 01 

12 SO 

2 03 

Pig I 

2 SI 

2 57 

12 '13 

2 15 

“ II 

2 GO 

2 22 

11 20 

2 GO 

Dog 

3 *10 

3 17 

11 30 

2 3S 

Turkey If 

1 53 

2 31 

9 50 

1 ‘15 

“ lit 

1 71 

2 19 

9 20 

1 52 


* In those cases plasma a as used 
t All material insoluble in cold ether was removed 


C r 


I 00 
0 02 

0 02 

1 03 
0 97 

0 OS 

1 OS 
1 13 
1 01 
0 00 
0 S2 


Results 

The data on the nitrogen, phosphorus, and choline contents and on the 
N P and C P ratios of each of thirteen samples of the acetone-insoluble 
lipides from serum or plasma are given in Table II Attention is first 
directed to the experiment in -which two 1 liter portions of the same lot of 
beef serum (Ila and b) were carried in parallel through the entire procedure 
The closeness of the analytical data supplements those presented m Table I 
on egg lecithin in demonstrating the satisfactory precision of the methods 
used 

From the point of view of the pi unary purpose of the study, the C P 
ratios given in the last column in Table II are of the most mterest It may 
be seen that m the case of the pooled human, beef, and dog sera, the C P 
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ratios are, witlim the error of the methods, equal to 1 00 These data 
thus can be regarded as a complete confirmation of the results of Taurog 
et al (13) On the other hand, the C P ratios on the acetone-msoluble 
hpides from human plasma and especially from turkey serum were definitely 
below 1 00, indicatmg the presence of a significant proportion of cephalm 
In the case of the two pig sera, the C P ratios were significantly abo\ e 1 00 
The magmtude of the mtrogen values and of the N P ratios for the 
crude acetone-insoluble lipides from serum shows %er 3 ^ strikmgly hov 
grossly contammated these hpides are by mtrogen-nch impurities How- 
ever, this IS brought out still more clearly by the data in Table III v hich 
show the percentage loss m weight, mtrogen, phosphorus, and chohne on 
dialysis of tv elve samples of serum acetone-insoluble hpides It may be 


Table III 

Per Cent Loss by Dialysis of Crude Acetone-Insoluble Ltpides 


Serum 

height 

N 

P 

Cfcoline 

Pooled human 

20 5 

27 0 

1 5 

10 5 

Human I 

36 0 

33 4 

3 8 


“ II 

21 8 

29 2 

0 


” III 

26 0 

31 2 

7 3 


“ IV 

21 5 

27 0 

2 4 


Beef I 

37 6 

46 5 

10 9 

11 8 

“ Ila 

28 7 

39 6 

8 1 

12 1 

Pig I 

35 2 

52 8 

7 8 

19 5 

“ II 

40 1 ! 

51 9 

1 4 

12 2 

Dog 

25 7 

57 4 

14 2 

16 7 

Turkcj I 

24 5 1 

32 0 

0 

15 4 

» II 

24 3 

40 9 

12 4 

5 1 


seen that from 21 to 40 per cent of the crude material diffused through the 
membrane and vas, therefore, presumably non-lipide in nature From 
27 to 57 per cent of the mtrogen was diffusible The loss in phosphorus 
vas in some cases insignificant, in others quite appreciable In all cases 
choline v as lost durmg dial} sis in amounts ranging from 5 to 20 per cent 
of the total 

In assessing the meamng of these losses, particular!} of choline, one 
naturall} v onders v hethcr or not appreciable hydro!} sis of plio^pholipidc 
could occur dunng the 3 to 5 day dialysis at -f4° To settle tins question 
a sample of almost pure egg lecithm vas dial} zed for 5 d3}s and then pat 
through the standard procedure Of the imtial material 05 0 per tent v 
recoaered by dr}ang the emulsion left in the «ac Tlic perccntaecs o' N, 
P, and choline on the non-dialyzed and dialyzed lecithm vcrc as folio ~ 
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piiospiioMPiDns or bhiium 


1 79, 1 79, 3 95, 3 93, 17 18, 17 07 There Mere, lliercfore, only n slight 
loss m Aveight and no deleclable change in the coinpoMlion of lecithin as a 
result of the dialysis The veiy considciable and ronsislcnt lo^s of weight 
and of choline, and the less sinking loss of iihosphoius during the dinljsis 
of the ciude acetone-insoluble lipides fioin sera, prcsuinnbl>, therefore, 
aie due to the lemoval of non-hpide contaminants 

The N, P, and choline contents and the N P and C P ratios of the eleven 
samples of serum oi plasma phosphohpides after piirifuation bj dialjsis 
and lepiecipitation ly acetone aic shown in Table IV 


TAimr JV 


CoiwposiUon of Acclonc hf^oluhlc Lipulc^ nflrr Diciltri'' nnd 
Rcprcctptlntion hy Acclonc 


Scram 

N 

r 

Chnline 

i 

N I’ 

C P 

Pooled human* 

{•er cent 

2 2S 

ftr (nt 

3 G1 

ftr ttnl 

13 03 

1 39 

0 02 

Human It 

2 00 

3 78 

13 S7 

1 21 

0 93 

“ lit 

2 17 

3 07 

10 10 

1 21 

0 92 

“ lilt 

2 13 

3 SO 

10 22 

1 22 

0 01 

“ ivt 

2 07 

3 93 

10 29 

1 17 

0 02 

Beef 1* 

2 14 

3 SO 

10 37 

1 2) 

0 97 

“ II (a + b) 

2 37 ! 

3 09 

17 10 

1 32 

0 00 

Pig I + II* 

2 09 

3 SO 

(10 67) t 

1 22 

(0 97) t 

Dog* 

2 01 

3 SS 

10 40 

1 13 

0 91 

Turkey I§ 

1 03 

3 Cl 

12 OS 

0 99 

0 79 

“ II§ 

1 61 

3 10 

11 93 

1 03 

0 7S 


* The portion insoluble in cold petroleum ether Imd been remo\ed 
t In these cases plasma Mas used 

t These analjscs applj to the dial} red phospholipide before precipitation with 
acetone 

§ All ether-insoluble material had been removed 

It is clear that m all cases except the tw o lots of turkey sera® the phos- 
pholipides contained not moie than about 3 to 8 per cent of cephahn The 
tin-key seium phosphohpides contained slightly ov'er 20 per cent cephalin 
As stated above, it was tentativ’^elj’’ assumed that the N P ratios of the 
purified phosphohpides could be taken as a measure of the sphingomyelin 
content On this basis, the data in Table IV indicate that sphingomyelin 

® It is of course uncertain whether diffusable choline is present in the crude acetone- 
insoluble lipides or whether some other contaminant gives an insoluble roincckate 
and thus contributes to the apparent choline present 

° Dr I L ChaikofI has informed the author that the C P ratios of chicken plasma 
phosphohpides have been found to range between 0 89 and 0 92 
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made up from 15 per cent of the phogsholipides m dog serum to 32 per 
cent m beef serum The considerably higher value for the K P ratio of 
the phosphohpides from the pooled human serum than from the four 
samples of human plasma calls for comment The explanation is not at 
all clear It may, hoveever, be the result of some cleavage of phosphohpide 
durmg the storage of the pooled serum and that this hjdrolysis affected 
the lecithm more than the sphingom 3 '’ehn It is notev orthj' that the jneld 
of phosphohpide from the pooled serum uas lower than from the fresh 
plasmas The lov values for the N P ratios of the phosphohpides of the 
turkey sera vere due to the fact that the ether-msoluble portion has been 
removed and analyzed separately 

A companson of the absolute I'alues for the N, P, and cholme contents 
of the various samples of serum or plasma phosphohpides after punfica- 


Table V 

Amount and Composilton of Phosphohpide in Serum or Plasma 


Source 

Toul 
lipide P 

[Total pbo*- 
1 pholipide 

1 Leatluu 

CtphaUo 

Sphla^o- 

ni}elia 


Pit perlOO 
irl 

1 perSOO 

n2 

r*( fer /W 

ffJ 

' per JOO 

ml 

■ nr PerJV 

I 

Pooled human 

5 11 

140 

i 

74 

11 

55 

Human Plasma I 

7 87 

20S 

150 

14 

44 

" “ 11 

6 67 

165 

117 1 

13 

35 

■' » III 

5 92 

154 

111 j 

9 i 

34 

“ » IV 

10 07 

256 i 

192 

20 i 

44 

Beef Serum I 

3 16 

S3 1 

60 

2 

21 

“ “ II 1 

2 93 1 

75 

48 

3 

: 24 

Pig Serum 

3 63 I 

90 

72 

3 

1 21 

Dog ■' 

14 18 

365 j 

2SS 

22 

1 

! 65 

1 


tion With those requued of a mixture of lecithin, cephahn, and sphingo- 
mjehn shows reasonab^' satisfactoiy agreement The agreement in the 
phosphorus values is especiaUj’ Hgmficant, since it indicates that cerebro- 
sides are not an important component of the acetone-insoluble hpidcs and 
thus lends support to the use of the N P ratio as a measure of the sphingo- 
m 3 elm content This point is more directly dealt mth in the acconipani - 
mg paper (12) 


DISCUSSIOX 

It IS \er 3 ' e\ndcnt that the data presented in this paper strong ]3 suppo’i 
the conclusion first reached b 3 Taurog ct al (13), and later confirmed ba 
Entenman and Chaikoff (3) and b 3 ' Hack (9), tliat the pho'pbohp'dcs in 
human and in dog plasma are mainla' chohne-contaimng, and thus tha* 











352 


PUOSPIIOLIPIDES or SERUM 


ceplmlm is at most a minor component The same has lum been shoi\n 
to hold foi the seium phospholipidcs of the beef and of tlio jiig On the 
othei hand, it is deal that this small propoilion of (('jili'ilm cannot be 
legaided as a fixed chaiactcnslic of plasma phoipholipidc , smio that of 
tuikej'' soium contains about 20 pci cent of cephahn In mow of the c\i- 
dence that phosphohpidc undcigocs a lapid exchange lx tween pla'-ina and 
the livei (4, 10), the chspaiitj in the relalne pioiiorlions of Icdthin and 
cephahn m plasma and in Iner cicalcb a verj interesting and undoublcdlj 
important pioblem 

The total amount of puiificd phosphohpidc expressc'd m terms of phos- 
phoius and of the tliiec components, lecithin, cephahn, and sjihingonnohn, 
as calculated from the C P and N P ratios, in the serum or plas-ma of 
man, beef, pig, and dog is given m Table V 

SUMMMII 

The acetone-insoluble hpidcs from fairly large \olumes of human, beef, 
dog, pig, and turkey scia, and fiom four samples of human plas-ma, were 
isolated and annlj'rcd foi N, P, and chohne The} wcio tiien dial} red to 
remove non-hpidc impurities, rcprccipitalcd with acetone, and again ana- 
lyzed 

The chohne to phosphouis ratios for the purified ac otone-insolublc 
lipides mchcate that cephahn makes up about 20 per cent of the pliosplio- 
hpides in tuikey seium and about 3 to S per cent of the jiho^iihohpidcs in 
human plasma and in the scnim of beef, dog, and pig 

The N P ratios for the puiificd phospholipidcs indicate that sphingo- 
myelin makes up 15 to 32 per cent of the total (discounting tlic figure of 
39 per cent obtained from pooled human sera that had been stored for 
some time) 

The crude acetone-insoluble hpidcs were found to contain 21 to 10 per 
cent of diffusible, non-hpide impurities which were rich m nitrogen and 
apparently included some chohne m all cases 
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THE LECITHIN, CEPHALIN, AND SPHINGOMYELIN 
CONTENT OF SERUM* 

II AS BSTDICATED BY THE AMINO NITROGEX AXD NOX-DIFFUSIBLE 
PHOSPHORUS CONTEXT AFTER DIFFERENTIAL HYDROLYSIS 
OF THE ACETOXE-IXSOLUBLE LIPIDES 

Bt R G SIXCLAER 

With the Assistance of Henbt Tscyde i and Ete Mtsotitch 

{From the Deparlmenl of Btochemrslry, Queen's Umrerstty, Kingston, Canada) 

(Receued for publication, February 7, 1948) 

In an accompanying paper (4) the author presented data on the chohne 
to phosphorus (C P) and mtrogen to phosphorus (N P) ratios of the 
serum phosphohpides of a number of anunals before and after purification 
by dialysis Smce the C P ratios m aU instances were somewhat below 
1 00, it was concluded that cephalm was probably present in all the sera 
studied, although it made up, as a rule, onl}’ about 3 to 8 per cent of the 
total phosphohpide Only m the case of turkey serum was the C P ratio 
mdicative of a qinte substantial proportion of cephalm, about 20 per cent 
of the total 

The presence of cephalm is certainly the most reasonable mterpretation 
of a C P ratio less than 1 00 Nevertheless, other possible explanations 
had to be considered The most obvious and most annojnng possibility 
is that the method used for the determination of cholme was gnnng results 
that were somewhat too low Indeed, analj-sis of a highly purified sample 
of egg lecithm gave C P ratios rangmg from 0 96 to 0 99 whereas no ammo 
mtrogen could be detected Another possibihty is that the serum or 
plasma contains a small amount of mtrogen-free phosphohpides such as 
phosphatidic acid for example It seemed, therefore, ad\nsable to i enfy 
the presence of cephalm by the duect determmation of the ammo mtrogen 
content of the serum phosphohpides 

The N P ratios of the purified serum or plasma phosphohpides were 
found to range betv een 1 15 and 1 32 On the assumptions that all the 
non-diffusible mtrogen was actually lipide-bound mtrogen and that cere- 
brosides m ere at most a mmor component of the serum lipides, these X P 
ratios were taken as a measure of the sphmgomj ehn content of the pbos- 
phohpides It was felt that the validity of these assumptions should be 
V enfied bj* an mdependent and more direct determination o' ‘^phmgomv elm 

* Reported before the Vmcncan Socictj o*' Biolopcvl Sv C* lecpo, 

1947 This wo'k was suppo’-fed b\ s grant fro^ the Din'too o' Mrdica! Rr’^'^a-cL, 
the National Research Council 
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PIIOSPHOLIPIDES or SrillBt 


In 01 del to meet both objectives, the metliod of Sclimidt cl al ( 3 ) vns 
adapted so that, aftei allodine h3^drol3'fais of the lecithins and ccphalins, 
the watei-soluble gl3^ccrophosphalo, ohohnc, and ctlianolamine (or serine) 
could be sepaiated fiom the non-h3'di 0I3 7cd sphnigoni3clin b3 cillicr 
solvent fiactionation or b3^ dinl3'8is I’lius, the ammo nilrogon content 
of the watei-soluble or dilTusiblo fraction was taken as a measure of the 
cephahn content, wdieieas the phosphorus content of the water-insoluble 
or non-diffusible fraction was taken as a measure of the sphingom3clin 
eontent 


EXPEllIMI NTAT, 

Portions (133 to 300 mg ) of the scrum phosphohpides, purified 1)3 diah sis 
follow^ed by repiccipitation with acetone ( 4 ), were di‘-^ol\cd or siispondccl 
in 1 ml of ethyl alcohol and then mixed with 20 ml of n potac^ium li}- 
droxide m a centrifuge tube Tire tubes w ci c rotated on a w heel at 37 ° for 
22 (first experiment) or 34 (second experiment) hours Concentrated 113- 
drocliloric acid was then added until the contents were just acid to Congo 
red paper 

In the first experiment, an attempt was made to fractionate the 113- 
drol3’'zed mixture into water-soluble and water-insoluble fractions 1)3 the 
use of solvents The contents of each tube were extracted rcpcatcdl} 
with a mix-ture of petroleum ether and chloroform (2 1) At first a hca\-3 
mterfacial layer formed after the tubes were centrifuged The PE-CIICb 
extract was evaporated to dryness under reduced prcssuie The residue 
of fatty acids and unhydrolyzed lipidc was now extracted with acetone 
several times The acetone-insoluble material was dried and annl37cd 
for nitrogen and phosphorus 

The aqueous hydrolysate w’as evaporated to dr3mcss and extracted 
with ethyl alcohol m order to get rid of the large amount of potassium 
chloride An aliquot of the alcohol extract was taken for pliosphorus 
determmation The remainder was evaporated to di^mess, taken up in 
2 5 ml of water, and used for the ammo nitrogen determination ( 5 ) 

In the second experiment only petroleum ether w as used for the ex-trac- 
tion of the hydrolyzed mixture Each tube, after being centrifuged, con- 
tained three sharply defined layers the low er aqueous la3’’er, an mterfacial 
layer of gel-hke consistency, and a clear upper petroleum ether la3’’er 
This petroleum ether extract was evaporated and the residue fractionated 
mto acetone-soluble and acetone-msoluble fractions, magnesium chloride 
bemg used to make the fractionation more complete 

The resultant acetone-msoluble material was combined w ith the aqueous 
layer and the mterfacial material and transferred to a small dial3’’sis sac 
This sac was enclosed m a large glass-stoppered tube, which w^as then fiOQed 
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■vntli water (20 to 30 ml ) The tube was allowed to stand for several 
hours v ith repeated mversion The water outside the sac was then poured 
off and a fresh lot of water added This process was repeated eleven tunes 
The resultant solution of the diffusible, water-soluble components of the 
hydrolysis mixture was evaporated to dryness and the residue extracted 
■with alcohol After remo\al of an ahquot for P determination, the re- 
mamder was used for ammo nitrogen determmation as above 
The non-diffusible material m each sac ■was further dialyzed against 
flowmg distilled water and then freed of water by evaporation under 
reduced pressure The residue was dissolved m chloroform and an ahquot 
taken for N and P determinations 


Table I 

Ammo Ntlrogen Delermmattons after Hydrolysis of Serum or Plasma Phospholtptdes 


Source 

AsufioN 

NHrN P 

C P* 

Human Plasma I 

cent 

' 0 10 

0 06 

■i 

" ■' II 

0 07 

0 04 


“ » III 

0 06 

0 03 

0 94 

“ " n’’ 

0 06 

0 03 

0 92 

Beef Serum I 

0 00 


0 97 

- ” 11 

0 00 



Pig “ I + II 

0 07 

0 04 

■EH 

Dog “ “ 

0 00 j 



Turkey Serum I + II 

0 25, 0 26, 

0 16 

■■ 


• From the accompanying paper (4) 


Results 

Ammo Nitrogen Content of Hydrolysate — The jnelds of ammo nitrogen 
expressed as percentages of the serum phosphohpides h} drolj'zed are gi\ cn 
m the second column of Table I It ■w ill be seen that in three instances, the 
tw o beef sera and dog serum, no amino nitrogen was found The turkey 
serum phosphohpides yielded quite substantial amounts of amino mtrogen, 
ith good agreement betw een the duphcate dctcrmmations The human 
plasma and pig serum phosphohpides yielded small but quite significant 
amounts of ammo nitrogen 

In Table I the amino nitrogen content of the mixed phosphohpides is 
also expressed as the NH-N P ratio The C P ratios arc gixen as m the 
accompanying paper (4) If all the Iipide P of scrum is accounted for as 
lecithin, sphingomyelin, and a little cephalm, the XH-X P and C P ration 
should add up to 1 00 Actually, the precision of the methods wa= not 
such as to a\-pect such a result In eight out of the lune cases, the sura of 
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niosnioupiDrs or bi hum 


iliese two latios fell Milbin the range, 0 95 to 1 01 Tlic-c rcduUs lluia 
olTei definite evidence that ccplialm is meal, lliotigli \crj minor, conijioncnt 
of plasma phospholipides Tlic only disciopanc> is m tlic t'l'-'' of tlie dog 
SOI urn pliospholipidcs, vliicli gave no ninmo nitrogon, allhoiigh the C P 
latio M'as 0 94 

Phosphoius Disb ibuhon after Dtffanituil lliidiobi'^i'’ of Scrum Plmpho- 
hpteks — The data obtained in the hmt o\|)eninont imohing differential 
hydiolysis of the phosphohpidcs mU 1\ ulhuh arc given in 'J'ablc II It 
will be seen that 13 to 31 pci cent of the total Iipule pho-pliorus was rc- 
covcied in the water-insoluble, acetonc-insoUiblc frai tion after hjdroljsi^' 
Piosumabl}'' this fiaction contains all the iiho^phonis present in the ma- 
ture as sphingom 3 ’chn Now, ns pointed out above, if tli(> nnxerl acctoric- 
insoluble lipides of scrum consist onlj of Ictilhin, a little ccphalin, and 
spliingom 3 'elin, then [(N P) — 1] X lOOshould boamcasurcof thepenentage 

Taihi II 


Dtslrtbuhon of Phaphoru’t after lliiilmUi'H’ of fierum Pt o’p} oPpulc^ 


Scrum 

Intact 

nUo'tihoUptde • 
((N P) - 11 X 100 

1 Vinter nnd acetone 
injoluble 1’ 

1 H>(lrol>»e ' ploT>’olip!'!e 

j Water -:>Iuble r 

[ To’al r reco e ed 


1 

fer e<nt 

f(r ttnt 

ftr (fit 


2o 

18 9 

71 2 

90 1 

» II 

32 1 

31 0 

51 5 1 

S5 5 

Dog 

15 

13 0 

70 1 

S3 5 

Pig 

22 

15 3 

CS 2 i 

S3 5 


* From the accompan^'ing paper (1) 


of spliingom3mlin in the mixture The v allies for sphingom3’'chn giv cn by 
these twm independent methods should agree If, how ever, a considerable 
amount of ceiebroside were present as well ns sphingoni3’elm, the value 
estimated from the N P ratio w ould be the lugher Both sets of v allies 
are given in Table II It ma3'' be seen that in tw o cases the results ob- 
tained by the two methods agree reasonabl3’- ""ell, in the other two cases 
there is a considerable discrepanc3’- between them, the value obtained by 
the method of differential hydrolysis being considerably lower than the 
other 

It Will be seen that the sum of the w^ater-insoluble, acetone-insoluble P 
and the watei -soluble phosphorus after hydrolysis w^as ver3’' signiiicantl3'' 
below 100 per cent of that in the unhydrolyzed phospholipide The reason 
for the loss is unlmown In the hope of improving the recov^ery of phos- 
phorus, m the second experiment diab^sis was used as a means of frac- 
tionating the phosphorus-containing compounds, as described in the ex'- 
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penmental section The results obtained in this second experiment are 
given m Table HI 

In this second experiment the values for the percentage of sphmgomj ehn 
as given by the non-diffusible phosphorus are almost the same as those 
given by the expression [(N P) — 1] X 100 This fact would seem to indicate 
that cerebrosides are not present m significant amounts However, smce 
material was still available, it was decided to mvestigate the question more 
directly The residual portions of the non-diffusible fraction of the hy- 
drolyzed acetone-insoluble hpides of human plasma were combined and 
analyzed for galactose by the method of Brand and Sperry (1) 

This material was found to contam 2 2 per cent galactose, which is 
equivalent to 10 per cent cerebroside Thus, this single determmation 
suggests that cerebrosides make up only about 2 per cent of the total 
acetone-insoluble hpides of human plasma Smce this proportion is small 


Table HI 

Dislnhulion of Phosphorus after Hydrolysis of Human Plasma Phospholtpidcs 


Homan plasma No 

Intact* 
phospholiplde 
r(N P) - if X too 

Hydrolyzed pho*pbolipide 

Total P rtcOT csed 

Noa-diffosible P 

DiSosilile P 



perteni 

ferteni 

ftrenS 

I 

21 

20 8 

71 9 

92 7 

II 

21 j 

23 1 

69 4 

92 5 

III 

22 

23 1 

69 1 

92 2 

IV 

17 

19 9 

74 5 

94 4 


* From the accompanying paper (4) 


as compared with the sphmgomyehn content, it is endent that the latter 
is largely' responsible for the N P ratio m excess of 1 0 

Discrcssiox 

The demonstration of small but sigmficant amounts of amino nitrogen 
m the water-soluble hydrolysate of the phospholipides from each of the 
four samples of human plasma and from pig and turkey sera w ould seem 
to prove beyond any doubt that cephalm actually is a component of the 
plasma phospholipides in these animals Tliese direct determinations 
thus confirm the conclusion drawn from the C P ratios On the other 
hand, the failure to detect any ammo nitrogen at all m the phosphohpidc' 
from beef and dog sera shows that the C P ratio is not always a rclnhle 
indication of the presence of cephalm 
Tlie X alucs for the sphmgomyelm content of human plasma, as calruhted 
from the percentage of non-diffusible phosphorus after alljlinc hydro’. 
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piiosrnoLiPiDES of serum 


of the mL\ed phosphohpidcs, agree reasonably Mell ^\llh the data obtained 
by Scliraidt cl al (3) and l^y Hack (2) hy c^scntiall}" the same method 
The conditions chosen foi dilTcicntial liydrol^'sis (34 lioiirs at 37° in iN 
KOII) evidently caused no splitting of the amide linkage or of the phos- 
phoric ester linkage in the sphingomyelin novc\cr, some splitting of the 
cholme-phosphonc acid ester linkage evident Ij' did occur, since the N P 
ratios of the non-ditTusible material vcic considerably belov the \alue of 
2 0 required for spliingomj^ehn Comcrsely the N P ratios of the diffu- 
sible fiaction weie considerably abo\c 10 It is clear, therefore, that 
time of hydrolj'^sis is a very important factor m Hack’s adaptation of the 
Schmidt pioceduie for the determination of the lecithin, ccplialin, and 
sphingomyelin content of a mixture 

SUMXURTi 

The acetone-insoluble lipides of human plasma, and of beef, dog, pig, 
and turkey sera, after purification by dial} sis, vcrc h}drol}7cd vitli 1 ^ 
KOH Water-soluble ammo nitrogen vas found in sufficient amounts to 
indicate that cephahn makes up about 3 to G per cent of the total phos- 
phohpide m human plasma and pig scrum but about 1C per cent of that 
in turkey serum On the other hand, no cephahn vas found in beef or 
dog serutn 

The phosphorus-containing compounds, after hydrolysis, vcrc fraction- 
ated mto diffusible and non-diffusible fractions Tlic latter, the sphingo- 
myelin phosphorus, was found to make up 15 to 32 per cent of the total 
phosphorus These values for splungom} elm are in quite good agreement 
with those calculated from the N P ratio of the mixed acetone-insoluble 
lipides 
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A DETAILED PROCEDURE FOR THE PREPARATION OF 
HIGHLY PURIFIED ADENOSINE TRIPHOSPHATE* 


Bt ALEXANDER L BOUNCE, ASER ROTHSTEIN, G THANNH.\USER 
BEYER, REBECCA MEIER, a.vd RICHARD il FREER 

{From the Department of Btochemistry and the Department of Radiology, Division 
of Pharmacology and Toxicology, School of Medicine and Dentistry, The 
University of Rochester, Rochester, New YorJ) 

CReceived for publication, December 29, 1947) 

A number of procedures for the preparation of adenosine tnphospliate 
(ATP) have appeared m the hterature (1-11) and methods haie been 
descnbed bnefly for mcreasmg the puntj' of partially purified ATP (10, 
12-14) These methods yield ATP m vanous states of punty, but either 
they are tedious or do not yield pure product, or are descnbed m insufficient 
detail to permit a biochemist not expert m isolating phosphorj lated prod- 
ucts to obtam the ATP m the reported juelds without difficulty and loss of 
time In some cases too few analjiacal data are recorded to define the 
punty of the product 

The foUowmg method for prepanng ATP is presented m sufficient detail 
to be easily repeated by a student m an advanced biochemistry' course, and 
yuelds ATP of a high degree of punty and m reasonablj' good yield The 
method has been checked by a number of workers m this laboratory , includ- 
ing several graduate students, and by one worker m another laboratoiy ' 
2 to 3 daj'S of mtermittent work are reqmred to obtain the product from 
one or two rabbits The method can also be applied to properly v ashed 
y'east with one very' shght modification 

There are no new pnnciples mvoh ed m the method, v hich is based upon 
procedures ongmally employed by' Lohmann and Schuster (5) and by' Kerr 
(6) The success of the method probably' depends upon the order in v hich 
the precipitations with mercury and banum are earned out and in the 
exact control of evpenmontal conditions at each step 

The ATP prepared as outlined aboae has been tested for biological 
actmty' by' using washed yeast cells In the presence of glucose the \.TP 
IS conaerted to adenylic acid but no morgamc phosphate appears, in the 
absence of glucose the ATP is hydrolysed to adenahe acid and free inor- 
ganic phosphate, both of which can be rccoacrcd quantitatn cly in the 

* This work was supported in part by the Donner Foundation, Inc , and in pa-* 
based upon work performed under contract No 'U’-740I-Eng-49 fo' the \*o~nc Ea''rfr 
Commission Project at The Uniicrsiti of Rochester 

’ Dr P S Knshnan in the laboratory of Profc«o* J B Sun’n''- a* Co'C'!! E'-i 
lersiti, Ithaca, New "iork 
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PREPARATION OF ADENOSINE TRIPHOSPHATE 


medium In these e\poiimcnts the ATP picpnicd from inbhit or yenst 
behaves m tlic same mannci In addition, rabbit ATP has liecn used for 
the prepaiation of adenosine dijiliosphate (ADP) b^ a modifitation of the 
method of Lohmann (15) with lobstci muscle, } lelding ADP in a liigh stale 
of purity 

ENPEIUMI.NTVD 
Prcparolwii of Ammal 

Willioui Curmc — Tlic picpaiation of the animal is one of the most impor- 
tant steps in the proccduic foi obtaining ATP If this is done carelessly, 
the 'sucld may be vciy low In most of our experiments we ha\e anes- 
thetized the rabbit with nembutal, given ven slowly bv car \ cm When 
complete anesthesia is obtained, one carotid arterj' is isolated and a longi- 
tudinal sUt IS made m it with a shaip scalpel The ammal is then allowed 
to bleed to death In repeated experiments it has been found that this 
piocedure leads to at least as good jnclds of ATP as docs the method of 
DuBois, Albaiim, and Potter (8) inth magncfeiiim sulfate anesthesia How- 
ever, the latter method may be more useful to an cx-pcrimcntcr not trained 
m physiological techniques 

As soon as the animal is dead, it is quickly skinned If nembutal alone 
or magnesium sulfate has been used for anesthetic, the skin is cut off at the 
neck, care being taken not to break the back or neck of the animal The 
viscera are quickl}’’ removed and the body is placed in a bucket of ice water 
containing a large amount of ice IVlien the temperature of the carcass is 
in the neighborhood of 5°, the muscles can be cut out without any twitching 
whatsoever The hind leg and back muscles and, if desired, the fore leg 
and pectoral muscles are dissected as quicldy as possible and are placed in 
a beaker containing ice and wvatcr It is of advantage to carry out the 
work on the caicass in a cold room if possible It is also of some adi antage 
to place the muscles in liquid air instead of an ice-water mixture, so that 
subsequently they can be bioken up into small pieces wnth a hammer or 
m a meat grinder, m order to minimize slowing of the Waring blendor m 
subsequent steps because of the presence of long strands of connective 
tissue 

W^th Curare — ^Nembutal is administered by x'ein until deep anesthesia is 
pioduced, and the animal is alloived to remain in the anesthetized state for 
20 mmutes Then 15 units of intercostin (Squibb) are rapidly injected 
mtravenously The lespiration of the animal stops immediatel}’’ After 
1 to 2 minutes the animal is decapitated (or allowed to bleed from a pre- 
viously isolated carotid aiteiy) and as much blood as possible is drained 
The abdominal and mtercostal muscles can be used as well as the leg and 
back muscles 
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The use of curare probabl}'- permits more latitude m preparation of the 
animal and permits the use of more of the muscle mass It is doubtful 
-n hether the 3 neld of ATP per lolo of muscle is matenaU}' mcreased over the 
jneld that can be obtamed if the procedure mthout curare is earned out 
inth sufficient care 

After the animal is dead, all subsequent operations desenbed abo-ie 
should be earned out as rapidlj' as possible, regardless of vrhat anesthetic 
has been used It is better not to obtam aU the a^ ailable muscle than to 
spend more than half an hour in dissectmg small pieces A 4 kilo rabbit 
should jneld about 1 kilo of muscle 

Preparation of Adenosine Triphosphate from Rabhil Muscle 

1 Cut the muscle mto tin}’’ bits mth scissors, or else run it once through 
an ice-cold, hand-operated meat gnnder 1^Il\ 100 gm portions of the 
muscle m a Wanng blendor mth 200 ml portions of ice-cold 8 per cent 
tnchloroacetic acid About 2 mmutes of mrang m the blendor will be 
required for each portion Small amounts of crushed ice should be added 
to the blendor to keep the extraction mixture at a low temperature Pour 
the mixture from the blendor mto a double layer of cheese-cloth, and then 
make a bag of the cheese-cloth and squeeze out the liquid, -n orkmg the mass 
of muscle with the hands imtil practical!}' no liquid remains in the big 
Rubber glo\es should be worn, if possible, to aioid irritation of the hands 
by the tnchloroacetic acid This work should be earned out in a cold room 
to insure maximal }aelds 

When all of the muscle has been extracted mth 8 per cent tnchloroacetic 
acid, -Meigh the residue from the cheese-cloth bags and reextract b} mixing 
200 gm portions of the residue mth 400 cc of 5 per cent tnchloroacetic acid 
in the blendor for 2 minutes, mth the addition of small amounts of crushed 
ice, as before 

Squeeze the second ex-tract of the muscle through cheese-cloth bags as 
before, and combine the first and second extracts Filter the combined 
extracts through fluted filter paper in the cold room or ice box \t this 
stage, and at all subsequent steps m which the solution of VTP is acid, it 
must be kept as close to 0° as possible 

2 Neutralize the filtrate from step (1) with 10 per cent XaOII to pll 7 2 
to 7 5 (using bromotln mol blue and phenol red indicator =ohitions on a «pot 
plate as a control) About 300 ml of 10 per cent XaOII ma} be required 
for the muscle from one good sized rabbit 

3 Add glacial acetic acid to the neutralized ‘dilution from <=tcp (2) in t’'c 
cold mth stimng until the concentration of ”00110 acid in the ‘^elution is 0 2 
per cent Xcx-t add slowh and with stimnc 5 ml of 20 per cent mcTunf- 
acetate dissohed in 2 per cent acetic icid for e^fh 100 ml of thr o-aain <1 
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preparation or adenosine TniPnoSITIATE 


tiichloioacctic acid fillralc Allow the procipilalo to sctflo in tho ico chest, 
decani, and centnfugo Discaid the snpeinatanl Wash the predjntatc 
once w'lili 0 5 pei coni incicuiic acetate (made bv diluting the 20 per cent 
meicunc aceiaie m 2 pci cent acetic acid 1 10 with distilled water) An 
amount of 0 5 pei cent meicuiic acetate ecjiial to about 2 oi 3 tunes the 
estimated volumes of the nucleotide piecipitate should be u'-ed in this 
washing 

1 Suspend the washed nucleotide piecipitate in enough watei to fill one 
laige centrifuge tube (about 200 ml ) and pass in IbS foi 1 hour, cooling 
the tube in icc-water Ccntiifugc the piecipitate of llgS and sa\e tho 
supernatant 

Resuspend the piecipitate of ITgS in about 100 ml of water and treat 
again wath II;S foi 15 minutes, cooling the tube again m ice-watei C'cn- 
tiifuge the HgS (to be discaided) and add the supeinatant to the siijicr- 
natant fiom the fust ticatment of the nucleotide suspension with II-S 
Now pass a rapid sticam of an into the combined suiieinatants (which 
should be allowed to A\aim up to loom tcmpeiatuie) until the solution is 
piactically free fiom H^S, judging In the odoi 

5 Adjust the pll of the aerated solution to 7 0, using XaOII w ith biomo- 
thjmiol blue as mdicatoi About 10 ml of 10 pei cent XaOIl ma} be 
icqimed foi the matciial fiom one labbit Then dilute' to 500 ml with 
distilled watci and add 1 ml of 2 m baiium acetate per 100 gm of muscle 
used Let the piecipitate settle (in the ice chest) and then decant and 
filtei The supeinatant, which contains coenzymes, nucleotides, sugar 
phosphates, etc , can be discarded oi saved for piecipitation of the water- 
soluble, alcohol-insoluble barium salts of some of these mateiials if desired 
(with about 4 volumes of alcohol per volume of supernatant) Tho pie- 
cipitate of water-insoluble banum nucleotides is then washed twice with 
about 1 to 2 volumes of ice-w'atcr 

6 The w^ashed barium nucleotide precipitate is now suspended in about 
300 ml of w^ater and is dissolved by adding the minimal amount of glacial 
acetic acid slowdy and wath stirring The pH should be betw een 3 and 3 5 
when solution is complete (10 to 16 ml of glacial acetic acid may be 
required foi the mateiial from one labbit ) A small amount of undissolvcd 
precipitate is centrifuged off and discarded 

7 Now^ dilute the dissolved banum nucleotides to 500 ml and add 0 5 
ml of 20 pel cent mei curie acetate in 2 pei cent acetic acid pei 100 ml of 
the original trichloi oacetic acid filtiate.slow'ly and with storing Allow the 
precipitated mercunc nucleotides to settle (m the ice box) and decant and 
centrifuge Wash the precipitated nucleotides once with 2 to 3 volumes of 
0 5 per cent mercuric acetate as in step (3) 



»OXJ^CE, BOTHSTEIX, BETER, MEIER, AXD FREER 


3G5 


8 Treat the washed mercimc nucleotide precipitate mth H;S evacth 
as m step (4) 

9 Then add x l^aOH sloisly, with stirring, until a small amoimt of pre- 
cipitate forms This is Ba- ATP resulting from a slight amount of barium 
which is earned through the mercui^’- precipitation and sulfide treatments 
If no precipitate forms when the pH has reached 6 or thereabouts, it mav 
be necessary to add a drop or two of 0 5 m banum acetate, but this is \ er% 
unlikely In any case onl}’’ a very small amount of precipitate should be 
allowed to form Centrifuge off this precipitate and discard It mil carrj 
down colloidal sulfides 

10 Adjust the pH of the supernatant from step (9) to pH 7 0 b\ addmg 
more x NaOH, and, after dilutmg the solution to 500 ml , precipitate the 
banum salt of ATP exactly as m step (5), usmg the same amount of banum 
acetate as m step (5) Allow the precipitate to settle (in the ice cliest), 
decant, and centrifuge Then wash the precipitate tmee mth ice-water 
exactly as m step (5) Hexi; wash the precipitate once mth 50 per cent 
ethjd alcohol, once mth 75 per cent alcohol, tmee mth 95 per cent alcohol, 
and tmee mth dieth}'! ether, using adequate \ olumes of the wash liquid to 
msure good washing The precipitate should alwajs be recoicred from 
the wash liquid by centnfugation rather than bj filtration Finalh, re- 
move the precipitate from the centrifuge tubes, allow it to drj on hard 
filter paper, pulvenze, and place m a desiccator oaer PjOs for 2 or 3 dam 
before analj'sis The dned product wall contain 4 molecules of w atcr per 
molecule of Ba. ATP If the Ba? ATP is dned under high lacuum bj, 
means of a Megavac pump for 2 or 3 days, an anhjdrous product is ob- 
tained 

It has been found possible to obtain approximateh an additional 1 gm 
of ATP per kilo of muscle if all of the solutions containing the mercurv or 
the banum salt of ATP are allowed to stand in the ice box for an additional 
length of time The precipitates are collected and put through whatcaer 
part of the procedure that has not jet been earned out For instance, 
additional precipitate from the onginal tnchloroacetic acid cxiract mu=:t 
be dissohed and reprecipitated as banum, then mercun, and then banum 
salts, while matenal collected after precipitation the second time as m'^rcun 
salt need onh be precipitated once more as a banum salt The punt\ of 
the additional ATP collected in this way appears to be as high *>5 that of 
the mam fraction 
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discaidccl About. 10 prr oont of I, ho V’nsI matonnl i', flu robr diqcnrdod at 
the fiist ^\aslllng Tins piocodme is to I('rno^ ( i olloidal inat^nnl 

^\hich would subscqucnllv londor jmp{)s-.iblc lh<* isolation of fiiiro A7’P 
Tlic lost of the piocoduie is the vnne as tlu jnoredure foi isolating ATP 
fiom muscle, except that 20 pei cent Inehloioacetic acid is substituted for 
8 per cent trichloioacetic acid 

Preparation of Adenosine Tnpho'iphatr Containinq JindwacUvr 

Pho'iphnru’^ 

10 million counts of m less than a mg of sodium phosphate were 
injected mtiavenously into a labbit The aniiii'il was then (ausod to 
exeicise strcnuouslj' b}’ placing it in a tub of water and allow ing it to swim 
for 30 minutes Aftei this, the animal was allowed to rest for 2\ hours 

TAnn I 

Specific Radioaclivilij of Pho''phatc Groups of \dcnn~inr 7'rtpf o'‘phalc 


Labile phosphate was hjdroh/cd in 1 m Ilf’l for 7 iimailf s a( 100 and separntea 
from the stable phosphate b> precipitation with barium ncetatc Two of the three 
phosphates of ATP arc hjdroijrcd and separated bv this proridtiri 


Stateriil counted 

Acluilj, co.int<pe’nn 
per nicTonoIe 

ATP, before hydrolysis 

27} 

Labile P 

22S* 

Stable ” 

' 4S 

Total activity recovered after separation 

27G 


* Calculated for the 2 molecules of labile P 


Barium ATP was isolated in the usual manner fiom the animal bj the 
procedure alieadj'’ desenbed Tlic animal was piepaiod b^ the use of nem- 
butal and curare The lecovery of radioactnc phospliatc m tlic ATP, as 
wmll as the specific activity of the phosphate groups, is gn en m Table I 
These lesults aie essential^’’ in agreement with those of Flock and Bollman 
(16), except that oui recox'-eiy of radioactive phosphate m the ATP was 
considerabl}'" higher 


Analysis of Adenosine Ti iphosphale 

The purity of the adenosine tiiphosphatc piepared as described abote 
has been investigated b 3 '' caiiymg out a number of anabases on various 
prepaiations from rabbit muscle and j^ast 

The results of analyses aie summaiized in Tables II, III, and IV In 
addition, analyses w^hich have been earned out by P S Iviishnan in the 
laboratory of Piofessoi J. B Sumner at Coinell IJniveisitj’', using barium 
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Table II 



Analysis of Adenosine Triphosphate 


\ 

Constituent 

1 

1 

Found 

1 

Theoretical fo 

Pa ATP ,H-0 


per cert 

per cert 

Nitrogen 

S 0 

S 20 

Banum 

33 0 

32 17 

Water 

S 0 

8 47 

Hjdroljzable phosphate (as P)* 

7 3 

7 26 

Total phosphate (as P)* 

11 0 

10 88 

Ratio, total phosphate to h\drol>zable phosphate 

1 53 

1 50 

* Inorganic phosphate, which was not determined, is included m these figures 

T\Bi,r III 



inalysis of Second Lot of idcnosinc 

Triphosphate 


Constituent 

Found 

Thco ctical h 

Rs XTP m-o 


per cent 

-r cerl 

Nitrogen 

S 2? 



S 31 

S 2tl 

Average 

S 30 


Inorganic phosphate (as P) 

0 20 



0 10 

0 0 

V\crage 

0 20 


Hjdroljrablc phosphate (as P)* 

7 25 



7 22 



7 2G 

7 20 

A\ crage 

7 2i 


Total phosphate (ns P)* 

in tvO 



10 os 



11 os 

in ss 

\\ crage 

10 O', 


Ratio, total phosphate to Indrohrable phosphate 

1 ol 

1 V) 


• Inorpmic plio'plntp is not included in these fipures 

ViP prrpircd b\ the method de-enhed m this pijKr. lii\t Mfhhd '’im! - 
suits Till* \ iclds reported h\ Knshniii«en shphth higher thui hi- 
i-ej)urted In us 
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Tho aiiiihsos foi In (lioh /(iblc and total plunplmW* winch arc rcconlt rl 
in Tables II and III wok caniod out iollowuifi; h\diohsis of the ^iinplo for 
7 mmutes in n IICl or digestion in (oncontiatod sulfuru ni id, by a modifi- 
cation of the method loiioitod In fsiiinnoi (17) In Ihn inodiru'd method, 
3 0 ml of 7 5 N IIjSOj woio mod instead of •"> 0 ml , and ( an was lake n to 
have i-lic s;ime eoneentialion of othm and (lIC'l) m the standard as in the 
nnlcnowTi 


J'miii I\ 

Avalp'^a of Othir Lot<' of Adrno<^tnr 7 npho'^phnlr 





JljtIroU 

i 

Tolil 1 



i 


rolnl 

\ irM* 

nlilc ! 

ti’intti' lie 

Mlro-tn 

Hanii-i 

1 Peoto e 


of A IP, 

pho phitr 

I ), 

tl ro ell 

t( ro ell 

tliroreti 

Lot No 

nmniint 
of frc'ti 

rm per 

l‘) 

tlicorcti 

ll et) rti 
rail 

nit 
fo Ilai 

calf 
(nf Ifii 

i nit 
for III, 


luetic 

1 

mu cle 

ntt 

1 lot Wt 

M p. ; 1 

for Ila, 

1 \rP. 11 1 

1. _ 

A rp 0 1) 

\TI. U J 

ATP, 

! 


cm 


1 





1 Rabbit muscle 

sot) 

1 117 

7 80 

11 G 


35 0 


9 (1 <( 

050 

2 27 

7 72 

11 7 


31 0 


3 “ " 

000 

2 07 

7 73 

11 S 

S 7.5 

35 3 

19 5 

4 “ " t 

2000 

2 05 

7 (.0 

11 (> 

.S S7 

35 3 

19 1 

6 Yeast 

15S 

1 22 

7 GO 

11 7 

R R7 

1 

35 3 

10 2 

Average 
% of theoretical 



7 GO 
07 0 

i 11 7 

1 00 2 

i R .R.3 

OR 1 

1 35 1 

1 00 1 

19 3 
100 0 


No inorganic jihospliatc (as P) was found 

* In all of these preparations with rablat muscle, 10 per cent trichloroacetic was 
used instead of S per cent The latter goes somewhat hotter \ lelds and is optimal in 
concentration for ONtracting the ATP 

t The theoretical results are based on Ba- ATP Water was rcmoccd before 
analjsis by evacuating in a aacuum desiccator oscr P:Oj with a Mcgacac inimp to a 
pressure considerablj less than 0 1 mm for 3G hours and allowing to stand under 
a vacuum for several weeks in the desiccator 

t Spectrochcmical analyses performed b\ L Steadman of the Department of 
Radiology indicate that the mercurj content of this batch of ATP was less than 1 
molecule of Hg per 5000 molecules of ATP 


Inorganic phosphate was detci mined on an aliquot of the stock ATP 
solution, immediatelj’’ aftei it was made up, by the same method 
Nitiogen w\as deteimmed by the micio-Kjcldahl method with a copper- 
selenium catal 3 ’’st 

Baiium was deteimmed by piecipitating as baiium sulfate and weighing 
Watei w'as determined by the loss of weight of a sample aftei dr 3 nng over 
P 2 O 6 , wuth boiling toluene in an Abdeihalden appaiatus 

The analyses repoited m Table IV w'cie earned out as follow^s phos- 
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phates, a modification of the Fiske and Subbaroir method ( (IS), (19) 
p 165), mtrogen, a micro-Kjeldahl method according to Johnson (20), bar- 
ium, detenmned granmetncallj- according to the method of Kolthoff and 
Sandell (21), pentose, by a modification of the method of ilejbaum ( (22), 
(19) p 166) 

The absorption spectrum of ATP prepared according to our directions is 
showm m Fig 1 - The absorption coefficient of 1 62 X 10* is in agreement 
Math that obtained bj” jKalckar (23) 



Fig 1 Vbsorption spectrum of adenosine triphosphate Concentration (C) = 
3 25 X 10-* M =,p = (1/C) X logic {UD = 1 02 V iQi 

DISCUSSION 

We liai e desenbed a relatn eh simple chemical procedure for the isolation 
of the banura salt of adenosine tnphosphatc from muscle and \ca=t which 
a iclds a fair amount of product (about 2 5 to 3 0 gm per kilo of frcdi un- 
dried muscle) m a highlj purified state There are no new principle-' 
inaohcd m the method, but the technical procedure has been refined and 
standardized and is described in sufficient detail so tlut it is casih rep? itod 
m the hands of graduate students at The Unnersitv of Rochester >nd 
Cornell Unn ersity 

The amount of radioactne phospliate rccoaercd in VTP papired from 
the rabbit injected with radioactne phospliate ii remark abh high (about 
IS per cent of the dose) It is of interest that the specific artnatc of th' 
two terminal phosphates in the radioactne VTP as cna= df'ribU high' r 
than that of the inner phospliate (sec Table I) 
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GROWTH INHIBITION OF NEUROSPORA BY CINAVANINE, 
AND ITS RE\TEP„SAL* 

X H HOROWITZ und \DRIAX M feRBt 

(/■row the William G Kcrclhoff Laboralories of the Biological Sciences 
California Institute of Technology, Pasadena) 

(Recpned for publication, Fcbruari ■} 194S) 

Canat anme, an amino acid fiom jack beans, was di‘'(,o\ eied bj. ICitagaw i 
and cowoikei-s in 1929 (1, 2) The substance is not combined in tlie pro- 
teins of the seed, but occurs m the free state, and make^ up 2 5 per cent 
of the dr\ w eight of jack beans (3) In a -enes of pajiei-s a\ ailable to the 
authors for the most part in abstract onlj, the kapanC'C workers lu\e 
repoited extensive im estigations into the chemistia and phjsiologv of 
the substance The stiaicture of tanaaanine was established b\ Gulland 
ind Moms (4) and by Kitagawa and TaLani (5) as NHj C( NH) NH 0 - 
CH« CHs CHNH; COOH Natural canaaanini is of the i configuiation 
(6) 

Cana\ anine is split bj a In cr onzj me to xaeld urui uid t inahne, Nil; - 
0 CHj CH; CHNH; COOH (3) More recent e\ idencc li i" indicated 
that the cana^ amne-sphtting emnme max be identu d witli ngini^e (7) 
It has been claimed bx Ogawa ((8) and elscwheic) tint canix mine la 
essential foi x oung rat- The amino acid is non-toxic to mice, but pro- 
duces symptoms of intoxication when injected into dog- in i do'c of 200 to 
400 mg pel kilo of bodj weight (9) 

In expel iments designed to test the effectix cne->>- of lanix mme in '•up- 
porting the giowth of certain amino acid-icquinng mutants of \furospora 
we found instead that the substance exerts a strong inliibitorx effect on 
the growth of the mold Further inxe^tigation Ii is rexeded a number of 
interesting aspects pf this plienomenon imong winch ire the high degree 
of toxicitx of the substance for the mold, tlic complete rex er^ibilux of the 
inhibition under certain conditions, and the existence of i genetic factoi 
determining scnsitix itx or tolerance 

Malcnals and MrtIiod<; 

'Ihc sinni'' of mold used in this stndx irc 1 \, 4 nid 2')i G1 are 
XX lid txpc ■'trims of \ruroipora cra’isa denxed origmalix from 'inglc 

* lilt'' inxc'lij-iition c\n>: «upported bx ttu' Rockefeller loutuiilii i an! ib' 
Nutrition loundilion Inc 

fNitioml Research Couiini Fellow, l’re‘''nt sddn - l)'p*rt n' i> </ 

Plant Breechtip rornell t nnersitx Ithscs 
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ascospoics, and grou noimally on tho usinl minim'il medium ronfaining 
sugai, sails, and biolm (10) Groufh \\as mc'iMired as llic drj weight of 
mold pioduccd in 72 houis at. 25'’ m 20 ml of medium ( ont'uiud m 125 ml 
Eilonmeyci flasks 

Canavanmc flaManalc \\as isolated fiom jack bean incil b\ the method 
of Gulland and iMoiiis (1) The flaMuiate was d( { oinpo-^ed according to 
the pioccdurc of Cadden (t)), and e^aienaiiine was obtained .is the sulfate 
Elcctiometiic titiation and elementau anaUsis of the '-alt iiidi(atc the 
constitutional foimula (C',Tri 2 N’iOj): ]I;S()t 

Calcul itcd C2li()"), II 21 00, *.nU>iU S7 11 , ( ()iiii ali at lit 22'> 

Found 27 21, " 0 II. 21 *.0, “ “7 0'., “ “ g-”) 

/l‘< 

In contiast to olhei miluial 'innno adds whuh lene luen shown to 
pi oduce inhibition of giowth in Wtnosporo ( 1 1-13), t 'ina\ mine Heffeetue 
against the M lid U']io, as well as ag mist milt lilt str'iuis Differenl de’grccs 
of scnsitiMtj aic exhibited b} dilTeicnt w ild sti.un--, howev er Following 
the initial obscnation that einaaanme letauls the giowth of striin lA, a 
numbci of other wild tjpes wcic le-tcel It wtis found that thre’C graelc' 
of icsistancc to the actum of the ammo add e m be ihstinguidied a high 
dcgicc of icsistancc, shown by strain fV, meduiin re'.ist'uu e, shown in 
stiam lA, and low icsistaneo, shown b> strun 25 1 In Fig 1 are plotted 
t^Tiical expeuments showing the giowth of the-.e stiains as a function of 
canavaninc concentiation It is seen that grow th of sti.un 25a is abolished 
by concentiations of canaxaninc sulfate exceeding 1 25 per ml (5 55 X 
10“® M with lespcct to canavaninc) 5Vith stiam 1 V a 10-fold greater 
concentiation is leciuiicd to bung .ibout a 55 per cent inhibition of grow th, 
while stiam 4A is inhibited to the extent of onh 15 per cent bj the highest 
concentiation tested 

Although the i espouses of stiains 25a and lA to canavanine are quite 
lepioducible, stiam 4A has not shown the same degree of tolerance to the 
substance m all expeuments In some tests it has beliax ed verj’ much as 
stiam lA (medium lesistancc), while m others it has shown absolute re- 
sistance The lesults of a pi ehmmarj’’ expeiiment have indicated that 
the age of the cultuie is piobably a factor m determining the i espouse of 
stiam 4A, resistance increasing with age 

In the present expeuments the standard incubation peiiod of 72 hours 
was used If the cultuie flasks aie allowmd to incubate for longei peiiods, 
grow^th of strain 25a wall eventually begin, even m the piesence of i datively 
high canavanine concentiations Whethei this is caused by a loss of 
canavanine through spontaneous decomposition to desammocanavanme 
(14), or by a change m the mold, wm are not yet prepared to saj’’ 
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Reversal of Canavamne Inhtbihon — On the assumption that canavanine 
interferes ivith the production or utilization of an essential metabohte, the 
growth of stram lA was measured in the presence of an inhibiting con- 
centration of canavamne (50 y of canavamne sulfate per ml ) plus vanous 
supplements In a prelimmarj'- CNpenment it was found that a mixture of 
water-soluble vitaimns has onlj’- a shght effect on the inhibition, while 
hydrolyzed casein m a concentration of 1 25 mg per ml of medium com- 
pletely reverses it Two mixtures of ammo acids were then tested, one 
contaimng Rose’s essential amino acids, the other the “non-essential” 
ammo acids Canavamne inhibition was abolished bj the mixture of 



Fig 1 A, inhibition of the eroi'th of A curospora bj canavamne O, strain 4 
O, strain lA, ©, strain 25a B, reversal of inhibition b\ arpinine C iin am le 
sulfate concentration, 0 25 mg per 20 ml m the strain 25a cunc (•) and I inc par 
20 ml m the strain lA curve (O) 

essential amino acids (final concentration, 0 05 mg of each per ml ), while 
the non-e«sential mixture produced a small effect (final conccntmtion, 0 1 
rag of each per ml ) 

The ten ammo acids making up the essential mixture were then testcl 
singK, with the results indicated m Table I It is seen that comph to 
rctcrsal of the inhibition was obtained onh with arginine, Iv-inc '’nd 
methionine were modcrateh cffcctixc (GO per cent rcacr^al), v.hilo the 
remaining ammo acids showed small acti\itic= 

IMien the same senes of amino acuR wa« tt-ted on strain 25 1 , it v 
found again tl at the inhibition is completely rehev ed In rpmne R -nn 
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IS also clTccln c in tins stuun, w itli an iictn i(\ o(iuul to 0 2,') tli.il of aiginui' 
on a molotnlai basis None of tin* othei 'imnio at ids siiouid urn lu tu ll^ 
(Table!) dvpical U’CO\ oiT enu < s aie jilot ted in Fis: 1 It i^ ( idi nhti'd 
that the elTcct of 1 inoleenle of (anaAannie is neiitiah/ed b\ ibont 1 nioli 
( nles of alanine in stiaiii 2r)a nnd In 0 '! molt ( nil ^ of ugninn ni-liani l\ 
I'Npeiimcnts neie next ( amed ont to di ti innni the u lutn i i ilii t n ( m 
of oplual isoineis of aignnne md hsuie in oMKoinnn: (.ui.n nniu m- 
hibition The icsulls show that I - iiginnu anti i,-h > 1110 'lu Iwiti is at In t 
as the lacemic mixlnies in inotccling sti.nn ' 2 ~> i fioin tin inhibition ( I’ablt 
11) It IS conclnded tliiit onh the ii'itnial eii'inlioinoiph-^ ii< •nine in 

I’aiii I I 

LjTcct of i-laioio Ire/i on ('ninti niinu li'hlnlioi 

Conccntnition of ^an!l^nnln(, M/fiOd (">0 of i ni i\ iuiiiK stiliaO jn r ml i in 
llio slrnin 1 A series and M/l<),riOO (21 t ■> ot t niiin aiiim tidfali p' r ml mu tie ‘itrnin 
25a Hones roncentralion of otlitr nmiiio at ids, tl I mi, pi r ml m tin si run 1 \ 
scnca and m/100 in (he strain 25n series 
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Cxna\nninc 


1 1 

0 

<( 

+ i.-nrgininc IICl 

sn 

51 

a 

+ DC-ljsinc IICI 
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(( 

+ Dii-lcucinc 

27 

0 

(( 

+ ni,-isolcucinc 

•n 

1) 

i( 

+ li-mctluoninc 

17 

0 

t 

+ i)ii-x nlinc 

30 

(1 

it 

+ ui,-plicn>lnlaninc 

27 

(1 

ft 

+ L-tryptoplmn 

27 

(1 

it 

+ DL-thrconinc 

27 

n 

( 

+ I -histulino IICl HtO 

25 

0 


this lespeci This is somowdiat suipiising in x lew of the fat I that (nqimnc- 
Icss mutants of Neurospora utilize DL-aigmme foi giowth just is icidih 
as L-arginine (15) 

111 anothei senes of expeiiments, the effect on the giowth of stiain 25 1 
of simultaneously vaiymg the caiiavanmc and aigmmc com entiations was 
measuied The results are piesentcd m Table III It will be noted that 
the degiee of inhibition is independent of the absolute toncenti itions ot 
the two ammo acids, but is deteimmcd solely bx the latio of the concenli.i- 
tions Inhibition quotients (latio of canax’’anme coneentiation to ‘ugmine 
conceiitiatiou) calculated fiom these data aie close to 1 2 foi eoniplet ’ 
inhibition and t) 3 foi complete i exTi sal 
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Se^eral miscellaneous guaiudme dematnes lla^e been tested for relief 
of cana^ anme mlubitionj mcluding guanidine, creatine, carbamidoarginme, 
guanidine %alenc acid, guamdine butjTic acid, and benzoj larginiuarmde 
The last two compounds Mere Lmdlj' supplied bj Professor Carl Nie- 
mann None of these substances m as found to be active bj itself If the 

Table II 

Effect of Optical Itomers of Arffimnc and Lysine on Canavantne Inhibition 


The \alues represent growth of strain 25a in mg Cana^anine concentration, 
v/10,500 throughout 


Arginise or I^&ine 
concentration 

L Arginine 

DL-Argmine 

j>Lysjnc 

EL ty me 

M/SOO 

70 O 

64 0 

62 5 

47 7 

m/1600 

64 O 

60 5 

4S O , 

IS 5 

m/3200 

5S 5 

42 O 

21 0 

O 0 

m/6400 

42 0 

5 0 

O 5 

O 0 

m/V2,800 

4 5 

0 0 

0 0 

0 0 

m/25,600 

O O 

0 0 

0 0 j 

1 0 0 


Table III 

Groiith of Strain 2Sa on Independently I arying Concentrations of Arffinitii and 

Canarantnc 

The ^ alucs represent grow th in mg 


, CtM%anIce coaccsuztjoa 

Annnine concen 



0 

U/iJ.OOO 

m/21, 000 

E/10,100 

u/52iO ‘ 

a/2615 

U/73I3 

m/200 


49 5 

52 0 

50 0 

50 0 

47 0 

5'» 0 

m/400 

54 O 

49 O 

5S 0 

52 5 

5S 5 

51 0 

4 > 5 

M/SOO 


49 5 

4S 5 

47 0 

40 5 

45 0 

17 

m/1000 


50 5 

49 5 

54 5 

50 0 

24 0 

2 0 

m/3200 


49 5 

54 5 

54 0 

31 5 

4 0 

0 0 

\i/6400 


56 O 

53 0 

37 5 

9 5 

0 0 

0 0 

m/12,800 


60 5 

34 0 

4 0 

0 0 

0 0 

0 0 

M/ 25,000 


33 0 

5 0 

0 0 

0 0 

0 0 

0 0 

m/51,200 


4 0 

0 0 

0 0 

0 0 

0 0 

0 (' 

0 

SO 0 

0 0 

0 0 

0 0 

0 0 

0 n 

0 0 


medium is supplemented with just enough arginine to proiith for a -mill 
amount of grow th, then the further addition of carbamidoarginme p'tKluot-- 
a marked increment in the grouth and guanidine a flight increase rtio 
acti\ ita of carbamidoarginme is probabh ascnbable to its com c'-ion to 
irgmine In the nncelium, pincc aiqpenmcnts mth arcininrl/sr mut^nt- 
haa c shoM n that it supports the gron th of these stram® 
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E\poumcnts l)a\c bocii ('uiicrl out In dfUMnimo uliothor (•li'ingo.- in 
teinpci aim c nnd pll 'iriocl llu' mliilalinii I'l (ont'iimnu; an mliil)itor>’ 
concculiation of i’ana\ annu' (') 1 X 10 m) in 1) i^- d incdiiirn ronua ul ilwl 
with sliam 25a and incubated at 20 25', and 35 , rc''j)ccli\el> No 

giowth ^^as obsciTcd in anv of llie fl afici 7S honr-^ In another senoj 
of flaskb, mcduim buficicfl al ‘^ix jiII \alu(''' in tlu range i R to (> 0 and con- 
t lining canavaninc in a conccMitiation of -1 75 X 10“^ M wan inoculated with 
stiain 25 1 and incubated al 25" foi 72 ll()UI-^ Vgain, no relu-f of the 
mhibilion was obsened 

Gcnclics of Canavniinic Toltrann — Tin diflircncts between \nnoiis 
wild ijiic stiains with leaped lo iana\ainne loleiani e marie it of interest 
to imcitigatc llic inheiitancc of this eliai-uter St run 25 v was (roused 
with sliaiii 4A and llic spoics fiom eighteen asci wen i-^nl ited in order and 
liansfciicd lo agai slants The resulting eultures were then tested for 
canavaninc tolciancc In thutcen of the jisci curuanuie tolerance segre- 
gated in a manner indicating that tolerance and bcnsitn itv arc detennined 
by altci native foims of a binglc gene The remaining (i\e asr i, howcaer, 
could not be so simiily interpictcd and it is c\ ident that a more extensne 
senes of ciosscs will be ncccs?an in order to establish the mode of m- 
heiitance of tins pair of ehai actors 

Dr H J Teas has anal} 7cd a number of other crosses of resistant and 
sensitive stiains, with results essentially snnihr to ours 

DISCUSSION 

Peihaps the most lemarkablc feature of the inhibition by canaaanine is 
the extraordinarily Ingh dcgice of toMCity displaxcd In this compound, 
an ammo acid of the natural senes Not only is canaaanme effectue m 
veiy low' concentrations (oidci of 10“® m), but the ncutrahrition quotients 
0 3 and 1 2 obtained aboa c contrast maikcdly w ith the a allies 100 to 10,000 
usually found for metabolic antagonists (IG) It is of interest to note that 
the ability to synthesize aigininc and l}sinc, the only cffectiae antidotes 
so fai discovered, is not protectiae, the strains used in this study arc wild 
types capable of synthesizing all of the ammo acids ncccssar}- for their 
normal growth fiom sugai and inoiganic salts This suggests that the 
lelative immunity to canaa'aninc intoxication displayed by strain 4A 
lesults fiom a meqhanism foi detoxifying or otherwise disposing of the 
compound, a mechanism picsumably possessed by strain 25a m a much 
less active foim, if at all Tins w'ould be analogous to the case described 
by Woolley (17), who found that ceitain pyrithiamme-fast microorganisms 
possess a system foi destioymg pyiithiamine, w'hereas sensitive strains do 
not 

Little can be said at piesent as to the mechanism of the inhibition 
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Althougli the data suggest a competition beti\ een arginme and canavamne 
for an enzjnne surface, it is difBcult on this basis to explain the anticanava- 
nine action of tysme The present obsen-ations would appear to be related 
m some way to the lysine-argimne antagomsm discovered by Doermann 
(11) One possible mechamsm seems to be defimteh' excluded bj- our 
data, namely, the mterference of canaianine nith arginine S 3 ti thesis On 
this basis, one would expect to pronde complete protection against cana\ a- 
mne by suppljung sufficient argmme in the medium for normal growth 
requirements Studies of argimneless mutants (15) have shomi that 
argimne in a concentration of m/2000 is sufficient for good growth As 
can be seen in Table III, bon ever, m/1600 argimne is not protectn e against 
the inhibition 

We wish to thank Dr G Oppenheimer and Dr A J Haagen-Snnt for 
the microanalyses of C, H, and N 

SUMMART 

ir-Canavamne from jack beans is a pon erful inhibitor of the growth of 
certain Muld tjqie strams of Neurospora Growth of the most sensitnc 
strain is abolished bj canaianine m a concentration of 5 55 X 10“® M 
Growth of a second strain is partlj inhibited bj camaianine, wlule a third 
strain is almost completelj resistant Resistance and sensitn ity appear 
to be geneticallj determined The inlubition is reiersed b> L-arginine 
and, in one of the strams, by n-lj sine The antagonism between canai a- 
nine and argimne is of the “competitne” tj-pe, approxaraateh 3 molecules 
of argimne being required to neutralize the effect of 1 molecule of canax a- 
mne in the most sensitn e strain Lj sine is about 0 25 as actix e as arginine 
for this stram Although the mechanism of the inhibition is not known, 
the data axclude the possibilitj of interference bx canax anine with arginine 
sjmthesis 
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I.G .‘^rh, \ M , and llorouilr AH,/ Jhi>l ('him . ICl, 120 (lOin 
10 AA{)()11('\ I) in \ord I I Vchaiirta m i n7\ molorv and nhlid aiilijpt is 
Now ^ (Ilk, C, 120 (1010) 

17 3\o<dlo\ II W /‘mr I'or 7 x/i Hii‘l innlMnl 55, I 70 (ltil|( 
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RELEASE OF \XTIBODY BY L-i"iIPHOID TISSUE IX ^ ITRO* 
Sirs 

Studies ha\e been made of the release of antibodies duiing iiicubilioii 
of tissues from lats and mice immunized to sheep crjthiocNtes Tissue 
minces weie shaken at 38 5° in Warbiu-g tjpe flasks tlirough which was 
passed a constant stieam of 95 per cent okj gen-5 pei cent cirlion dioxide 
The incubation medium was serum obtained from non-immunized anim iK 
of the same stiain, age, and sex Vfter 3 hours incubation, compari-on w 
made of the antibodj titer and the amount of protein ickased Iw the tissuc 
in each flask V scpaiatc ahciuot of the same ti-^sue was ground with sand 


Tis ue mincc 

\ntibo<iv 
release ^ alue 

a) 

\alibod3. 
extrsction 3a{ue 
(2) 

InojbaiiQa 

ratio (I)/(2 

Liver 

13 2 (ie»* 

20 1 tW) 

0 7 

Spleen 

13 8 (Ifo 

2s 7 (04 

(1 3 

Kidnej 

s s (S) 

la 0 (32) 

0 t. 

Lxmphoid tissin. 

ICO 3 (If.) 

3 1 (4) 

33 2 


* The \aluis in parent lu '•e« an rei iprocnla <>f liinioh“in tinr- idoulilirij: «Ii!u 
lion method) 


in phj siological -ahne, md the anlibwh titer iiid proUin nitrogen of tin 
extract determined In the tible, uitihoda releiK i^ t xpre—nrl i<. tht 
1 itio of the lecipiocal of tlie titei to the mimbti of mg of jirouin nitrogen 
iddcd to each ml of ^rum during incuhition Mnniaila uililMKla t x- 
traction is cxTircsscd as the rccipiocal of the titer in tlu sflinr extra t of i 
tissue, dnided b\ tlie number of mg of protein nitrogtn ni t leh ml of tin 
extract The inciibition seiectiMtx ritio isctjuil to the iniiiityK nli isi 
xalue dmded bx tlie intibodx extraction x due The magintiidf of th* 
incubation select IX It X ritio mdu itos the extent ofs<l(<tnc ndew of uni 
bodx during incub ition 

Minces of IxTnphoid tissue (pooled thxmusc-' md mcsinnnc iio'K-) o 
immunized mice rek nal igglutinins md 1» molx -iii' leiiii't sliHjurxthro 
cj tes in higher titers, relatixe to the rmoiint of prot< in iddri to ilu s/ -uiri 
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during incubation, than 6itlioi liver, spleen, oi kidnoy iniiirr s Aggliifinin 
deteiminations Aveio oaily abandoned, sime agglutmtainp again'^t 

sbeep eiytliiocytes was found m saline o\tiac(s of non-iinmune motive and 
rat tissues, this dilTiculty Mas not encounleied with hcmoljsin dolerniina- 
tions 

The table piescnts the results of a typical experiment 'I’i‘.Mies were 
obtained fiom adult, male Spiague-Dawley lats cwuigumafcd under 
nembutal anesthesia These animals Mere prei lou^h immumred b} mlra- 
peiitoneal injections of 1 ml of a 10 per cent su^.pen^ion of ^heep 013 thro- 
cytes (ten injections duiing 2 Mccks) The imvibation '^eleitnitv ratio h 
significantly large only for bnnphoid tissue 

Similai experiments have also been pcrfoimcd Mith liSMie-, obtained from 
rats 5 da^^s after a single intravenous injection of 0 5 ml of a 2 per ( ent 
suspension of sheep eiythrocytcs The icsults ‘suggest that the lieliai lor 
of lymphoid tissue and spleen in releasing antiliotl} in iilro diffeted sig- 
nificantly Math the method of immunwation emplo} ed Rt lulie^ of thi miis 
and mesenteiic bunph nodes sepaiatel}^ indicated that the capacit} for 
selective lelease of antibody zn vitro hy l3mphoid ti‘«sUo re^-ides chitflv m 
the lymph nodes ■\^^len a nitrogen atmospheie leplaced the 0x3 gen- 
carbon dioxide mixtuic, the antibod3'' release ^aluc Mas the sune as the 
antibody extinction value 

Splenic tissue fiom lats given a single intravenous injection of antigen 
had relatively high hemol3'-sin titers both before and after incubation as 
did the serum medium in which the tissue m as incubated In sc\ crtil ex- 
periments, the titer of antibod3' leleased 1)3’’ spleen during incubation, plus 
that extractable from the tissue after the incubation period. Mas signifi- 
cantly greater than that demonstrable in splenic extracts jinor to incuba- 
tion The results suggest that antibod3’’ production nia3 liaie occurred 
m vilro 

Deparimeni of Physiological Chcmislnj Sidxei Itonr nrs 

Yale University Eujxu Adams* 

New Haven Abhaham 'Wiiiti 
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DIMETHYL-;3-PR0PI0THETIN, X XE\V DIETHYL DOXOR 
Sits 

Studies of the ability of \anous compounds to promote the growth of 
rats on methyl-free diets supplemented with homocystme ha\ e established 
that a marked structural specificity is mvolved * In this earlier report the 
only N-methyl compounds found to be capable of actmg as direct metln 1 
donors were cholme, dunethylethyl-jff-hjdrox} ethylammonium chloride, and 
betaine During the course of testmg other compounds structurall3' re- 
lated to cholme and betame for growth-promotmg actmty under these 
conditions, it was found in this laboratory that dimethjdthetm, (CHj);- 
+SCH2C00“, the sulfur analogue of betame, was also verj efiectu e and able 


Biet 

RatN'o 

Diet period 

Weight change 
ov cr penod ^ 

Food 

coar-jBption 

Growth rate 



days ' 

tm \ 

ptr day 

r** ^rr day 

Basal diet | 

25 1 

21 

' 113- 05 

5 0 

-0 0 

i 

28 ' 

' 21 

1 07- SO 

4 8 

-0 4 



1 12» 

81- 71 

3 4 

-0 8 

“ “ -b 0 5% cholme 

24 1 

i 21 i 

lOS-165 

S 8 

+2 7 


40 1 

23 

05-141 

8 3 

+2 0 


51 

21 

S5-153 

0 2 

4-3 2 

“ “ + 0 02% di- 

41 

' 21 

0S-15S 

S 8 

+2 0 

methjlpropiothetm 

48 1 

I 21 

' 88-137 ! 

7 0 

-}-2 3 


57 i 

I 21 

101-180 i 

1 0 3 

4-3 8 


• Rat died 


to support growth about as w ell as choline itself = ’ The role of dimethj 1- 
thetm as a methjl donor has been further cxylored m nlro In Dubnoff and 
Borsook * 

Recentlj Challenger and Simpson* reported the isolation of dimetlnl- 
propiothctin, (CHalj’^CHsCHrCOO'", from a manne alga, Po^ysxp} nuia 
fastigiala Since tlus compound is a homologue of dimctlnltlietin, it oc- 
curred to us that it might also be an actnc motlnl donor, and this has 
prmed to be the case In the table are shown the aaerage grownh rate’s of 
rats on a basal diet* containing no methionine and 0 S7 per cent of honio- 
03*51100, and supplemented wath 0 92 per cent of dimetlnlpropioth< tin 
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chloiidc Foi compauson aic gi\on coirosponding data for llu aniinaK 
on a similai diet containing 0 5 jiei cent choline instead of the thelin, and 
for those on the basal diet eonlaining no inethvl donoi 
The animals on the diet containing dimetlnlinopiothetm gieu ns nell 
as those on the diet containing choline and leinanied in e\eellenl condition 
tin onghont the experiment There was no kIdIle^ eiilaigenunt delietahle 
at any time, and on aulojis}' tlieie weie no ‘.igns of h( monlriga daniagi' to 
the kidneys as thcie weie m the ea‘'C of the 'inimals on IIk ha^-nl diet 
Estimation of total hvci hpidcs ga\e values uhuh nneefi do^eh with 
those from the rats fed choline 

The significant discovei^ of this compound ns a natiiMlIi omnimg sub- 
stance, coupled with our findings of the pronoiinecd giow Ih-pionioting 
activity of both dimethyl thet in and dimetln Ipiojuolhetin, mnkf s if appear 
possible that these substances, oi closelj ulated dein nines, nln^ be 
piesent m animal tissues and may take part m noiinal nieflnlatinn {iioe- 
esses A more detailed study, including data for othei related i om- 
poiuids, IS to be published in due course 

Dej)arbncni of Btochcmxsiry Giouoi t M\w* 

Cornell UmvcTsxly Mcchcal College Visci st m Vinsi M»n 

New Yorl City 
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SYNTHESIS OF XICOTIKIC AGED FROM TRYPTOPHAN BY 
THE DEr\T:LOPING CHICK EMBRY'O’* 

Sirs 

Recent investigations vnth several species of animals have revealed that 
ti^^ptophan can be converted into nicotinic acid vvithm the tissues of the 
animals, bj the intestinal microorganimis, or bv a combination of these 
mechani«ms In the present investigation more direct evidence ha« been 
obtained to demonstrate that this conversion can occur mthin the tissues 
in the absence of the complicating effects of the intestinal flora Develop- 
ing chick embrvos were selected for these te'ts Eggs from hens main- 
tained on a standard diet were incubated for a penod of 7 dav s and mjected 
vnth 2 ml of a stenhzed solution contaming 30 mg of L-trvptophan dis- 


Treatomi 

SicoUiiiciQd ccnle 

21 

Tojl 


y tP 

r-x 

Controls 

14 1 (13) 

0 91 

Tr^Titophan 

17 5 (IC) 

1 n 

Statistical anahsii 

F value observed 

' 17 PV 

90 2.' 

“ “ required {\% level) 

7 O'. 

7 


* The number of embr\o« anahiod is given in parenthes c 


solved m 09 per cent saline adjusted to neutrahtv Egg* injected with 2 
ml of 0 9 p-'r cent saline served as controls Tlie injection technique- 
devised were sucli as to minimize injurv to the embrvo and to mmirmzo 
bacterial infections which mav result from the manipulation' U'c-d Utrr 
injection, the eggs were incubated for an additional 10 dav- Tho cntin. 
contents of each egg were then homogenized in a Wanng bicndor with m 
amount of water equal to the onginal weight of tin tgir iK’fon incub itio i 
Vliquots of the homogenates were autoclaved with in cqii tl imouin 
2 \ H-SO« for 30 minute' and, after appropnatc prep iration th^ - umV - 
the nicotinic acid content wa' determined microbiologic ilh iJio- 

embrvo' that were alive at 17 days were taken for in i!v - - \ ‘ imm n < 

the remits obtained for two separate evpenmrnt- i^ prf -^atrd m thi '- 
companv me table 
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A statistical anal 3 ^sis of the data showed that the addilinn of tiyplojdnn 
increased the nieotinic acid content and (hat tin ic^ulK uk* luf^hlv ‘'if;:- 
mficant (P < 0 01) The values obtained foi tlu ( ontiols aie m ( \( client 
agieement with those icpoitcd bj Snell and Quaih's' foi (huh einbivos of 
the same age 

It may be concluded, theiefoic, that nicotinu and is s^ ntlu'-^wcd from 
tiyptophan within the tissues as evidenced b^ the lesults obt'uru d with the 
developing chick embryo The losults obtained ‘-ub-,t ant cite the simgc',- 
tions that ti3'^ptophan selves as a prodiiMii of riKotniK 'uid S3nthe‘’is in 
the chick," tuike 3 ',^ and other animals ' 

Dcparlmcjits of Biochnmstni anil Nutrition, M S Sf itw t ini rr 

Poidlry Husbamlry, and Gcnclia Jl b 

Agricultural and Mechanical College of Texa" M F ({ai'io a 
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BIREFRINGENCE OF FLOW OF PREPARATIONS OF JFi'OSIN* 
Sirs 

Mommaerts' has reported that myosin, prepared according to Szent- 
Gyorgjn, has an extmction value of 12°, and that actomjosin onents 
parallel to the optical axis when studied m the birefnngence of flow appara- 
tus Von Muralt and Edsall= many 5^ear3 earlier had reported an extmction 
value of 12° for myosm preparations now presumed to have been actom} o- 
sm Durmg the course of an extensive studj-- of the phj sical properties of 
the myosm complex we have had occasion to studj* birefringence of flow in 
an apparatus similar to the one descnbed by Edsall ct al * The results we 
have obtamed appear to reconcile the pre% lous obsen ations 

Crj'-stallme m3’-osm, obtamed by an adaptation of the methods of Szcnt- 
Gl'orgju* and found to be homogeneous m the ultracentnfuge, was found to 
have an extmction angle of 22° when examined at lelocitics as great i« 
IGOO R p M Fibrous actm, prepared from crude actomj o^in or from ace- 
tone-desiccated muscle, was foimd to orient parallel to the optical axis at 
\eIocities as low as 100 rpxi VTien crjstaUme m3 0=m and punfied 
fibrous actm were mixed m the ratio of 3 parts to 1, on a basis of nitrogen 
content, the extinction was obseiwed to change o\er a 2 hour period and at 
300 R p xf from an mitial x alue of 35° to 12° If the m3’osin actm ratio w as 
increased to 1 or greater, complete onentation was obsen ed When 
minute amounts of actm were mixed wnth cr3stalline m30sin, an extinction 
of 12° w as obsen'od at high x elocities \ct0m3 osin extracted from muscle 
by the methods of Weber and Me3 cr* was obsen ed to hax e an ex-tinction of 
12° at 300 R p xt It thus appeared that the increment in birefnngence of 
floxv of actom3msm ox er that of ra3osm was related to the actm content , the 
normal ratio m the 3ctom3 0sm complex appeared to be approximatel3 3 
parts of m3 osm to 1 part of actm 

The birefringence of flow of crjstallme m3 osm and actonno^in but not 
of actm was found to be reduced b3 the addition of adenosine lnpho=phaff 
(0 01 per cent solution) The reaction with m3 osm was monopbacic, of 
small magnitude, and transient, wath aclom3 0sm the reaction w bipha<-ic 
and sustained The first phase of the reaction of adenosine lnpho«phatc 

* These studies wore supported bx a (p-ant from the United States Puldie Henltti 
Service 

* Mommaerts, 33 P H M , Aaturr, 16G, C31 

’xon Muralt, A L , and Edsall, J T , J Biol Cf e— , E3 S51 (loyi) 

* Edsall, J T , Gordon, C G , Mclil, J 33 , '^oheinly'rp, H , c'-d Mnn D 33 , 
Rci Scirnt /n»(r iwoifs, 16, 213 (iet-5) 

* Sicnt-Gxurpxi, A , Chcmi<-tr\ of muscular contracion, Vtw (|o, 7 ) 

* Weber, H II , and Mej-cr, K , Btoefc" 7 , 255, 137 (10,33) 
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^ 8 () 

and actoinvosm appoaiod to he identical \\i(h that nhsei\erl uith mjosin 
The second phase \\as sustained and of much t>;ieatei mapnitude, leioMu 
fiom tlub phase lesemldcd tlie comhinalion of aclin with mjosin Hesulis 
of studies of viscosit'v and uUiacentnfuj;al beha\ lor undci suiulai ( oiiditions 
\m11 be piesented in the neai futuie 

lAiboialoi 1/ fo} IIk tStiidi/ of IhttiUUtru I ltI^^I^l 

(ind Mctaholn Di'>oi(lci‘!, mid the Dijiiirhni uh ol 
Palholoim and ^^^dl^nll 
Univti'iilii of I loll Sriinol of Midinm 
Sail hair Cili/ 

ltec( nc'd for ))iil)li( iilioii, Vj)ril t, I9tS 



A NEW MAGNE3imi-ACTI\^ATED ADENOSINTRIPHOS- 
PHATASE FROM :^IUSCLE* 


Sirs 

Besides the ATPase* ■which is bound to the myosin fraction,- the muscle 
contains a second powerful ATPase which can be completcK separated from 
mjosin Although it is mamly responsible for the ATPase actmtj of fresh 
muscle e'ctract,® it was overlooked owing to its instability It is best ob- 



I ir 1 Ordinate, Op in hundrtdb Mp concentration = 0 OOo M Cnr%r I a 
Mr activated tTPafc of rather low acli\it\,inhistidiiic buffer, CunoII ncrN-stallin 
myosinprcparation, in borate, Cur\e III m\o'5in act in (ratio t 1)inn(rlnto \prom1 
Op calculated on the basis of in\osin onU 

tamed In extraction wnth fairh alkaline KC 1 t-olution (On m, p!! 10 'i 
carbon ito bulTer) dilution wntli G \olumcs of water, and pn r ipUafioii of 
the «upcniatant (after centnfugationl with 0 35 ‘■ituratc<I immonmm 
‘^ulfatc Precipitation is repeated and the cnzyarit w further ptinRofl on 
precipitation In dilution amUi H.O Finally the enzyme i- d’s-oltf^l m 
05 m KCl and centrifuged at 18,000 X o for ’ to 1 hour Tlu icti.t 
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piecipitatc contains some lipidc bcsirtes piotcin Nnoleic arid cfin ho ro- 
moved without change of activity hlyosin and aotonivosin aio ( oinjili lol} 
removed m the first steps of this proccdiiic C'oiitiifiig'ilion in(Toa''(-. tlio 
activity about 3 times Qr (c mm of jici mg of piolom jior liour) 

at pH 75 m the picsenco of 0 005 m hlg lies u‘^uallv bitwoon 7000 and 
10,000, but dccieases lapidly The pII-aoliMtj ciiuc is shimn in Fig 1 
At pH 9 5 the activity is iieailj'' 7oro Ca inhiluls stiongli d'lio a( tivih 
is therefoie antagonistic to that of nijosm Vddition of aitin slnfH the 
pH optimum of myosm-ATPasc to moio neutral \alu(s and also olieits 
some activation by Mg, as had been found bj S7ent-(}\org\ i ‘ 'J’his is 
shoivn m the dotted curves iii Fig 1 However, our hig VTl’a'-e is free of 
actin and actm has no influence on its actnity 1 gm of fre^h nuKclc con- 
tains about as much of the new' enzjmc as of injo-.m Vri’afci' (measured at 
their pll optima wath Mg and Ca respeclneh) B\ its mdilTeience to the 
presence of creatine, it is distinguished fioni muscle enrune preparations 
desciibed by othci authois (Engclhardt, Con) 

Department of PhusioJogical Chrinf^lrii \\ Ivurtri* 

Scltool of Medicine Otto Mi 1 1 niior 

University of Pennsylvania 
Philadelphia 
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THE INTERMEDIATE ROLEOF GARB IMYL-l-GLUTAMIC ACID 
IN CITRULLINE SYNTHESIS* 

Sirs 

The carbon dio\ide fi\ation reaction m the initial step of the urea c\ cle 
has been assumed to mvolve the direct carbowlation of the a-amino grouji 



Fig 1 Final substrate concentrations Magnesium sulfate 0 y ICT* ji, \TP 
1 2 X 10'^ M, AMP 4 X 10"‘ M, potassium phosphate buffer at pH 7 15, 1 3 X 10"* m, 
fumarate 2 X 10"* m and potassium ions to bring the medium to isofonicit\ Ti'“ui 
concentration 4 76 mg of X per flask In experiments lnl^hIch anj giicn •^ub'tri'' 
concentration was not ^arlcd, the final concentration of each was as follows an 
monia 2 X 10~* xt, ornithine (calculated on the basis of i^) 2 5 X 10'* i', carbamx 1 i 
glutamate 3 S X 10"* xi, i.-glutaraate 3 S X 10"’ xi Incubation time 3-5 minutes at "a 
in air KOII in center well*- The open sj-mbols rcprc'cnt experin ent' in winch 
h glutamic acid is used, the solid F 3 'mbols, those in which carbamxl n-glutamic aeid 
IS used 

of omithme * A more detailed studx of this reaction, iijth use of the 
washed residue from potas-sium chlondc-homopenized rat Iner^ retralf-i 

* Vidcd in part bj a grant from the lli'consin Alumni Ite^-'a-ch loj-^f's'io 

’Krebs, H A ,in Annual rcxicwof biochemis*rj ,S'arfo'd Urm r'lfx ,C 2-'2(I'” 

* Cohen, P P , and Hax-ano, M , / Dial Che- , 172, (lO't;) 
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that glutanuc acid was acting as the initial acceptor for carbon dioxule* 
In the study of a largo sciics of tomimuiids nhich might b(' (\pcftcd to 
behave as nilei mediates m this loaclion, it was ol)scrvrd tliat (ailiainjl-i^ 
glutamic acid \vas highly active in the conversion of omit lime to i itiiillinc 
Thus tins compound could be shown to be 2 to 3 timc-i nioie actne than 
L-glutamic acid m citiulhne synthesis in the jneseme of cailion diosidc, 
and 10 to 15 times moie active m the absence of caibon dif>\iflr Of in- 
teiest IS the finding that tiec ammonia is ncteK.vin for the n ar fion 'J’lie 
effects of A'aivuig concentiations of n-oinithiiK, ammoni'i, caibam^l-i^ 
glutamic acid, and n-glutamic acid on (itiullme s\nthesiv ni a carbon 
diowdc-fice medium aie shown m l''ig 1 

In the piescnce of ammonia, incubation of caibani} l-i,*glutami( ai id with 
the enzyme system aeiobicall} followed bj tlic addition of ornithine and 
anaerobic incubation lesults in citrullme synthesis Ml efforts to date to 
malce the ovci-all leaction oinithmc — » citrullme fnoiefd anai robi(a!l> 
have been unsuccessful While caibamjl-i.-ghitamic acid behacts in 
many w^aA's like a true intermediate m the sjutho-'is of (itiullme from 
ornithine, the icquirements for ficc ammonia and aeiobn (oiiditioiis indi- 
cate that a closely 1 elated caibammodeiiA'atiAc of glutamic acid isiiiAohcd 
It IS not excluded that the reaction inAohcs two enzAmatic stei)-!, the first 
of which IS the foimation of caibammo-L-glutamie acid and the second of 
Avhich is concerned AA’itli the fixation of ammonia 

Laboratory of Physiological Clicmj’!trii I’mili P Cohfn 
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A2sT:rP0DAL SPECIFICITY IK THE IXHIBITIOX OF GROWTH 
OF ESCHERICHIA COLI BY A^HKO ACIDS* 

By YUTAKA KOBAYASHI, IvLARGUERlTE FLING,! akd SIDNEY W FOX 
(From the Chemistry Department, Iowa State College, Ames) 

(Received for publication, November 2S, 1947) 

The inhibitoiy action of D-leucme, n-valme, and Di/-\ aline upon the growth 
of Laddbacillus arabino&us has been demonstrated expenmentallj (1, 2) 
Such studies are of interest in cellular chemistrj’- The specificities observ ed 
are related theoretically to those found in the substrates of proteases (3, 4) 
The information obtained is also pertinent to expenments on the retardation 
of growth of laboratory animals b> nutritional amino acid muctures (5) and 
to knowledge of the factors influencing microbiological assay (G) Data of 
this tjTie may furthermore help to form a picture of the essential structures 
and modes of action of such antibiotics as gramicidm, tjTOcidine, and 
pemciUin (1, 2, 7) 

The study of bacterial inhibition by n-amino acids has now been extended 
to other species m order to determme whether or not the effect maj bo a 
special or general one The effects on Eschcnchm colt reported here for 
D-valine and n-Ieucine are similar to those found mth Ladohacillus ardbi- 
nosus A pattern of mhibition of the same sort has been observed for 
Staphylococcus aureus also In the case of Staphylococcus aureus, how cv cr, 
the inhibitions were not consistentlv observed, although the majority of 
tests showed inhibition The nature of this vanation is rccemng further 
investigation 

The influences of ammo acids on Eschcnchia colt have corresponded 
closely to the specificit} of amino acid residues m substrates of proteases (3) 
These results differ qualitativ elv from those observed on Lac'chacillw^ 
arabinosKs in the case of n-alanine onlv Attempts to clanfv the knowledge 
of the particular function of n-alanine in those organisms were therefore 
made, data on the compctitiv c bchavaor of n-alanino arc presented belov> 
The effect of n-alanine which has been studied concerns its abilitv to 
counteract the inhibition of bactcnal growth by glv cine This rclatioa'^hip 
had prcvaouslv been observed in •S/rcp'ococciisla^'is by Snell and Guirard fS) 
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D COIiT GUO%\TII IMIiniTIOK 


Matcnnh and 'Mclhnd'^ 

Avww Acids— The picpainlion of Uic si\ oj)ti( al forms of nianmr, ^ aline, 
and Icucmc has been dosenbed (1, 2) The pnnruafion of boiiAn l.danine 
einplo3’'ed m the icsoliilion of alanine nas fai ilifaloil h\ A\'i-^hine; out the 
containinatinp; ben/oie aeid with hot raibon tetiathloiide, ns foi hippuiie 
acid (9), instead of w illi hgioin (10^ The ( me iiM'd wji'i Mr ri k’s nmmo- 
acetic acid 

Giowlh of Miciootfinnisms — 'fhe mouth of Larlnhai dln^ iirahnin^nr iT-o 
was estimated by titiation of acid piodiicod (I) 

The giowth of Eschnicha coh \\n^ mensuicd tuibidmielri( nlh Sloik 
ciiltuics of Eschcnchia coh woio maintained in the k fiigeiator b\ inonthU 
tiansfei to mitiient agni slants (11) 'I'lie id('ntit\ of thf organi-'m was 
checked aftci completion of the expeiimcnts (12) 'i ran^'feis for inhibition 
tests weie made to tubes of nut i lent bioth (13) and incubated for 21 hours 
at 37°, contiifuged, washed with pin biological sihne solution, and resus- 
pended in 10 ml of saline solution 

The ammo acids wcic included m tubes in 0 70 ml of aciueous solution, 
and 0 50 ml of nutiicnt bioth was added to oadi tube 'Fhc'-e tub'^s weie 
steiihzed foi 15 minutes at 15 pounds steam picbsmo, allowed to cool, and 
inoculated with 1 drop of the shaken suspension Thei weie then incu- 
bated foi 24 hours at 37°, ticatcd with 9 0 ml of water e ich, shaken thor- 
oughly, and lead in a Coleman model 11 spcctiojihotomcter with Filter 
PC-4 at 450 mg 

Standard dilution cunes wcic detci mined for eadi expeiiment m ordei to 
evaluate vaiiations in the rate of giowth of the contiol These standard 
cuives weie piepaicd by dilution of the incubated contiol tubes with ap- 
propiiate amounts of nutiicnt bioth solution winch had been diluted to 
one-twentieth of its oiiginal concentration The spectrophotometer scale 
w'as set at 100 pei cent tiansmission with this lattei solution 

For the expeiimental tubes, the gahanometer readings wcic con\ erted to 
a calculated value, growth ratio, in oidci to furnish a basis of comparison 
betw^een sets of expeiimcnts The grow th latio w as determined In reading 
from the coiiespondmg standaid dilution cur\e the per cent of maximum 
giowth (in absence of inhibitois) to -whicli the obscr\cd turbidity cor- 
responded 

EXPERIMENT VE 

In Fig 1 IS piesented a t^Tiical standaid curve for the relationship of 
galvanometei leadings and successive dilutions of a control culture of 
Eschenchm coh 

In Fig 2 is presented a typical senes of curves illustrating the growth 
ratios of EscliencIvM coh in the presence of glycine, p-alanine, D-valme, and 
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Fig 1 Graph of gahanomctcr readings and successuc dilutions of a control 
culture of Eschcnchia colt 
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E COM GnO^VT^ IN'IIiniTION 


the L forms inhibitorj’- m tlic range studied Ghoine was more mhibitor> 
than D-alanme 

An evaluation of the \anation m extent of mliiliition inaj be obtained 
fiom the icsults picsentcd in Table I, at a common ^allle of 0 OoO m of the 
added D-vahne oi D-lcucine Tliesc lesulls were obtained in a gi-iphually 
sensitive icgion of coiiccnliation,at 0 100 M all r>-\aline and n-leiicmc tube's 


Taum I 

Inhibition of Escherichia coh by n-Valtnc and i» Lcttcinc at 0 OiO u Concrnlrahon 


LTpenment No 

Cro“th ratio 

n \ aline 

t> 1 ejcir- 


ftr ctnl 


1 

.H 

21 

6 

n 

.37 

0 

n 

30 

7 

33 



Tabm II 

Effect of Pyridoxinc and Alanine on Inhibition of Lactohac'llus arab t o’ui Cawed 

bt/ Glycine, a-Vahne, and n Lcuctnr 


Addition to ba'il medium (2 50 ml ) m tube 

A\crart 0 lOO i acid produced 


rt 

None 

2 39 ± 0 02 

15 mg glycine 

2 IS ± 0 01 

30 “ “ 

1 IS ± 0 00 

30 " " -1- 30 mg i.-nlaninc 

2 50 i 0 05 

30 “ " -1- 30 “ D-nlnntne 

2 CO ± 0 01 

30 “ " 0 5 mg pjndoMnc 

2 35 i 0 03 

30 “ D-leucinc 

1 17 d: 0 07 

30 “ “ 4- 30 mg L-nlaninc 

1 25 ± 0 02 

30 “ “ + 0 5 mg pjrido\inc 

1 10 db 0 01 

30 “ D-valmc 4- 30 mg L-alaninc 

1 30 i 0 10 


weie visually cleai The set of foui experiments in Table I was preceded 
by thiee expeiiments which show'cd the same trends but which lacked 
sufficient points in the cuives for interpolation to 0 050 m 

The effect of glycine upon the growi,h of Laclohacillits arahmosus, in com- 
bination with other substances, is illustiatcd in the data in Table II 
Table II show^s that the inhibition caused by gl^'^cine is reversed by eithci 
D-alanme or L-alamne, or by pyiidoxine It maj-’ be noted that D- and L- 
alamne w'ere equally effective The inhibition caused by n-leucme is, how - 
ever, not reversed by either L-alanine or pyndoxine The same lack of 
reversibility is found for the mhibition by n-valme. 
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In Table III are presented the effects of some of these same substances on 
Eschenchia coli For this species n-alamne is inhibitorj-, and the inhibition 
by glycme is not reversed by L-alanine, n-alamne, or pjTido\ine 


Table III 

Effect of Pyndoxine and Alanine on Inhibition of Escherichia coli Caused by Glvcrnc 
All results were observed m duplicate 


Addition to basa! meditim in tube 

ECect 

None 

Normal visible growth 

25 mg glj cine 

No visible growth 

25 “ D alanine 

it it it 

25 “ L-alanine 

Normal visible growth 

25 " glj cine -b 25 mg d alanine 

No visible growth 

25 “ “ -b 25 " L-alanme 

ti it it 

25 “ " -b 0 5 mg pyndoxine 

(( II II 


DISCUSSION 

The inhibitory action of some of the n-ammo acids upon bacteml groitth 
IS an effect which is not limited to the first species studied, i c , Ladohncillus 
arabinosm At least two other species of bactena are so affected, and pre- 
liminary e\ndence exists for retardation of growth of laboratorv animals b> 
high levels of n-ammo acids The concentrations of n-amino acids which 
are necessary for inhibiting bactenal growth arc higher than those usualh 
employed for practical use of other antibactenals On the otlicr hand tlie 
relativel 3 low mammalian toxiciU of some n-ammo acids (14, 15) does not 
warrant preclusion of micstigation of such properties Tiie conccnablc 
long term detnmental effects which might result from certain n amino 
acids, when present m solutions cmploicd m large amounts chnicalU, re- 
quire further studj Of related interest is an m\ cstigation of the effects of 
n-ammo acids and den\ atu os upon neoplasms • 

The antipodal specificitj found for the ammo acids m the present ■^tudie^ 
makes it desirable to consider that some of the bactenal inhiliitioa': v li f-h 
ha\e been reported for nn-ammo acids (10, 17) ma> h''\c been due to tlw 
D isomer On the other hand, m some cases the actn it v of the race m'* to « 
not the aacrage of the actnitics of the optical isomers dl-^ aliai lor 
instance, had almost the same actmU agam't Laclohrc //»'• a'c’j c f 
had D-a aline (2) jSnalogous behaaaor has been rcpcclcd fo” <^ib=*r"tos < f 
proteases (IS, 19), but more recent results (20) arc •'t aan-’^ce "ith nan n' 
these reports (19) In the other case (IS), chv-motrvp= n failed to Ir d-jl rc 
bcnzojl-DL-UTOs^lghcvlamide, although it Indrolvrnd t’ " i j-Tan- Fu^ 
explanation which has been offered is that the racemate in ‘^c’ut’on npn 

* Fox, S W , and ttax, II , unpubli^bnd expn-j— 
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scntfa a thud substance wth distiiut piojjc'ifics '’J’lie distiiiff nature of 
such piopoilios ]S ^\cll illustialcd in tlio h)1u1)iIi1u'^ of Ihr \anoU'' foims of 
ammo acids (21) and m ilie \alucs foi the beats of eoinhusiion of ni -leaicmc 
as compaicd to that of cithci n-lcucinc oi i>-le‘Ucin(‘ (22) ilh the added 
fact that L-ammo acids jiosscss inluhitoi \ ne 1 1\ it \ in ^ome (>\pei imcnt s (23), 
it appeals that conclusions in hactoiial ('\p<'iuu( nts lun b(' drniMi mo-.t 
safely in compaiisons betwe’en i, and d fnnns latliei than hr tv ecu i, and 
DL molecules 

A similaiiti'’ in tyjie of inhibition of f^ioulli of liae (e iia b\ n ammo at ids 
to then effects as snbstiate lesidues foi jirotta'-es has been titfd for the 
belief that ii-amino acids ma\ intcifcrc eiiiife' eliiccfU vilh tin at lion of 
“proteosyntlictic” enzymes (2) '’J’liis analofei was biscel upon tfit ntm- 
lij'^drolyzabilit 3 of peptide substiatcs on one* hand (3) anti on e ITet f s of aelded 
unsubstituted D-amino acids (2) on the othci It is thtrefrirt' of intercut 
that Abdeilialdcn and Abdcrluildcn (‘1) founel tliit atltlul n It ucmt it‘'Clf 
greatlj’' dccicascs tlie lijdiolvlic actiMt\ of pcjitidiscs from a \arict\ of 
sources If one accepts the concept that a iiroteohtic enremt eat d\7c^ 
the same reaction m both directions, the accumulated ob''^r\ations sub- 
stantiate the mteipietation that the D-ammo neieK slueht d hintlcr bacterial 
giowth bj^ mteifeiing with piotcohtic (= prolensvnthctic) cn7\mes 

The coiicspondence of the bactoiial eficcts and the sub->tr ite effe (ts was 
close enough to suggest oiiginalh such a conclusion (2) for Lnclobacillw^ 
arahinosns This coiicspondcnce held for both isomei-* of \ iline, both 
isomers of leucine, and foi n-alanine, but not foi n-alanmc In the c ise of 
Escherichia coh, the coirespondence holds for all si\ foims, since n-alaninc 
is inhibitoiy to this species On such a basis, the eftcct of D-alanine on 
L arahinosns is anomalous A clue to such beha\ loi is found m the ability 
of alanine, especiallj’' n-alamne, to ie\cise the inhibition In ghcine The 
effect was obseivcd m Sli cplococcus faccahs R bj Snell (21) and such bc- 
havioi has also been found hcie to hold foi L aiabinosus Snell suggested 
that D-alanine functioned as an mteimediate in an incfiicient con\ersion to 
pyiidoxme Peihaps the impoitant points m the piosent stuch aie that E 
coh, which is inhibited by n-alamne, cannot use it in the same waj' as L 
aiabinosus does (Tables II and III), and that the pattern of inhibition In 
monoammomonocaiboxjhc acids foi E coh beais such a close analogy to 
the effects with peptidase substiates 

Besides the parallelism m the enzjmaic and bacterial eftects of alanine, 
valine, and leucine, analogous behavior is also seen w ith glj'cme Gb'cme 
IS found to be mhibitoij’- foi the two species of oigamsms lepoited heie and 
for others lepoited previously (8, 25) The glycine lesiduo also exhibits 
the property of mteifeience -with hydrol3'-sis by enz3Tnes (3, 2G) as exempli- 
fied by “sluggish” peptidolysis of gl3^C3dgl3Tine 
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The relationship of the D-amino acids to antibiotic n-amino acid den\ a- 
tives IS receiving further attention The D-amino acid residue has been 
shown to be one of a number of cntical structural features for penicillin 
through companson of the activity wnth the L isomer (27) The corre- 
sponding investigation for gramicidin, requiring the preparation of a 
grarmcidm type molecule containmg only l residues is not readil}* feasible 
by present synthetic methods A number of molecules in which the n- 
amino acid residue is repeated do not, howe\ er, ha'v e high antibactenal ac- 
tivity - If the n-amino acid residue is generally cntical for antibiotics of 
the penicillin and gramicidin classes, other structural features must be con- 
currently cntical 

smni\RT 

The growth of Escherichia coli, like that of Ladohacillus arabinosus, is 
inhibited by added n-ammo acids, at levels at vluch the n forms do not 
exhibit such an effect n-Alanine, iihicli is not inhibit orj for iMciohacillus 
arabinosus, slows the growth of E call to a les'^cr extent than do d-\ aline or 
D-leucine These effects of amino acids on E coli correspond clo«clj to 
those observed by others for the hj drolj zability of peptides, constructed 
from these same ammo acids, when subjected to the action of pcptidasc« 
High levels of added glycine inhibit both Lactobacillus arabinosus and 
Escherichia coli In the case of the former species, this inhibition is coun- 
teracted by added n-alanine or pjTidoxine, whereas such addition to the 
culture medium of Escherichia colt fails to counteract these effects 
The theoretical implications of the results reported are discussed 
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FLUOROPHOTOMETRIC METHOD FOR THE ESTI^L\TION 
OF SALICYLATE IN BLOOD* 

Bt ABRAHAM SALTZMAN 

{From Ihe Second Medical Service of Dr I Snapper, the Mount Stnai 
Hospital, New Yor} ) 

(Received for publication, January 31, 1918) 

While salicylates are among the most frequentlj' presenbed drugs, meth- 
ods for their determination m blood ha\ e been neither sufficiently scnsitn e 
nor precise Brodie, Udenfnend, and Cobum (1) hav e dev ised a procedure 
suitable for the chnical measurement of blood salicj late lev els if large doses 
are given In their method the salicydate is exlracted from acidified plasma 
wuth ethylene dichlonde A portion of the ethylene dichlonde is remov ed 
and shaken with an aqueous feme nitrate solution to produce a colored iron 
complex Cobum (2) adv ises the use of quantities of plasma larger than 1 
ml if the salicyl “radical” is less than 100 7 per ml Peters (3, 4) has drawn 
attention to the low sensitmty of the method Volterra and Jacobs (5) 
applied the xanthoproteic reaction to tnchloroacetic acid filtrates for the 
determmation of salicylates However, their serum blanks in normal sub- 
jects were relatively large, corresponding to 3 mg per cent 

In the method to be presented a simple phy sical phenomenon, the bluish 
violet fluorescence of the salicylate ion on ex-posurc to ultrav lolet light, will 
be used for its measurement Under suitable conditions a high degree of 
specificity^ and sensitiv ity can be attained 

Principle — Salicylates are quantitativ ely* separated from proteins by pre- 
cipitation of the latter with a dilute tungstic acid reagent Strong all ah 
IS added to increase the fluorescence of the salicy late ion about 9-fold The 
blank fluorescence of plasma wnthout salicylate is negligible Tlie fluores- 
cence IS measured directly m a fluorophotometcr with the same filters as in 
the vitamin Bi determination 

Reagents — 

1 Standard salicy late solution (cquiv alcnt to 100 mg of salicy he acid per 
100 ml) 116 mg of sodium salicylate arc dissolved m exactly 1(X) ml o' 
water Working standards are prepared by dilution with water Sto-c in 
the refngerator 

2 19 per cent HCl 

3 Ethy lenc dichlonde Do not pipette 

4 40 per cent NaOH 

5 Dilute tungstic acid reagent 10 per cent sodium tuigst'’‘o, 1 v o’umc, 

• Assisted by a fclloisbip from the Emanu"! Libniia Fcllo— sAp Fuad 



400 


^vuc-i ji\Ti IN ni-oon 


mixed ^\lill 8 ^olumos of n/ 12 sulfiiiii nod 'i'his ^oluhon must bo pro- 
paicd ficsb cvoiy 2 ^^coks 



005 0 1 015 0 2 0 25 0^ 


SALICYLIC ACID MG ADDED TO REAGENT BLANK 

Fig 1 Standard cur\c of snlicjlate fluorescence Sahc\latc added to reapent 
blank mixture 

Pioccchac I, Climcal Method 

To 1 ml of oxalated or citrated plasma (not hemolytic) in a test-tube, add 
slowly, with shaking, 9 ml of tungstic acid leagent Aftei 10 minutes filter 
Pipette 5 ml of filtiate into anothei test-tube and add 7 ml of 40 per cent 
NaOH Mix The leagent blank rcfeiencc solution contains 5 ml of tung- 
stic acid and 7 ml of NaOH Place the solutions in a fluorophotomctei 
for measurement within 30 minutes aftei adding the alkali 

Pluoiophotometiic measurement was peifoimed mth an instniment con- 
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taimng a balance photocell and bndge circuit (Lumetron*) The same filters 
as in the vitamin Bi determination are used (maximum transmission of 
primary 3700 A, of secondar3’’4600 A) Thesensitnity of thegahanometer 
(Rubicon Company) was 0 0025 milbampere per millimeter The standard 
(1 ml of the standard sahcjlate solution plus 11 ml of water) is set at a slide 
ware reading of 30 The reagent blank is set at 0 mth the zero suppressor 
control The entire 12 ml are added to the sample holder (15 ml capacitj ) 
for measurement Slide wire readings are taken after a 2 mmute exposure 
to the ultraviolet light The a alues are then read off a standard cun c 
and multiplied by 2 to correct for dilution 

The standard reference cun'e for the clinical method (Fig 1) is prepared 
by addmg varjnng amounts of standard sahcjlate solution to the reagent 
blank mixture With this procedure the blank reading of plasma without 
salicylate is of the order of 1 mg per cent of salicjlic acid 

Procedure 2, Modification of Ethylene Method (/) 

To 1 ml of plasma in a 50 ml separatorj' funnel add 0 2 ml of 19 per cent 
HCl and mix After 10 mmutes, 10 ml of ethj lene dichlondc are added 
from a graduated cj Imder and the separatorj funnels arc shaken for 3 mm- 
utes The lower lajer is transferred to a glass-stoppered test-tube in 
which 5 ml of 40 per cent IsaOH had pre\ louslj been placed Shake for 1 
mmute Separate bj’’ centrifuging for 5 mmutes at moderate «pccd 
Plunge the pipette through the upper laj er and draw off 4 ml of the aqueous 
phase mto a test-tube Add 8 ml of water, mix, and raca=ure the fluores- 
cence as abo\e A reagent blank is run simultaneousK Ihe standard 
cune IS made by subjecting ^a^Jmg amounts of standard =alicjlatc ‘solu- 
tion to the same procedure The blank on plasma not containing ‘■alicj late 
is zero 


EXPERIMEXTAI. 

The fluorescence of salicjlatc ^a^es with the pH of the mcflium f-ali- 
cjhc acid m distilled water docs not fluoresce, whereas =odium or litliium 
salicj late in distilled w ater exhibits a bright bluish \ lolct fluorc'cenro on 
exposure to ultra^^olct light ^^^len the salic\latcs were im e-ticatcrl as 
fluorescent pH indicators, it was recorded that the fluorescence appear- at 
a pH of 2 5 (6) or 3 0 (7) A sensitu c gal\ anometer can detect fluort erne^’ 
at e\en lower pH x alues In ultriMolct light a neutralized iqiitous solu- 
tion of Eulfosahex he acid has the identical blui'^h xiolet fluo-i'ecucc ^ li 

‘ Pho'oioU Corporation, Isciv York 
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cylunc acid" in distilled ^^a(cI docs not fliioKscc If nllali h added to a 
salicyluiic acid solution, the fluorcseenee appear-^ at a pH of nhoiif (» 2 
The following expenment shows the inlensitieation of ^^K)re^^ence h\ 
alkali The same concent i at ion of salicjlate was ii ed (IK) mg of sodium 
salicylate m 12 ml of watci) As the concent lation of alkali v as increased 
to 10 N, the fluoicscence lo^e to twae the leafling m (h^hlhd v ater with 
NII4OII and nine times when TsaOII was u^cd In I’lg 2 the inciea‘-a m 
fluorescence was plotted against concentration of KaOII on a somilog graph 



Fig 2 Increase oC fluorescence of Balicjlnte with alkali 

With the inciease in alkali concentiation the fluoicsccntc inci cased maik- 
edly, foimmg an S-shaped cuvve 

In stiong alkali the fluoicscence of sahcjlatc deteriorates shghtlj dm mg 
continuous exposuie to ultiaviolet light No decay of fluoicscence was 
noted at high pll m the absence of ultiaviolet light Highly reproducible 
readings can be made if one exposes the solution to be examined to ultia- 
violet light foi a definite period of tmie 2 minutes of iiiadiation with 
ultraviolet light wmie found sufficient to allow' for the dcciease m fluorcs- 
cense of the plasma blank to a negligible quantitj' 

The data m Table I indicate that vaijung quantities of sodium sahcj'late 

3 Kindly supplied by Dr Bernard B Brodio, Now York Unuorsitj College of 
Medicine, New York 
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added to 1 ml of plasma are recoverable vatb satisfactorj* precision The 
values given are expressed as sabcylic acid m accord rvith routme usage 
By this method the drug content of the plasma was recovered with accuracy 
down to 2 mg per cent of sahcjlic acid 
Analyses run on plasma samples of salicylates over a penod of a week 
gave highly reproducible results It may be concluded, therefore, that the 
sahcylate fluorescence is unchanged if the plasma is stored mtherefngerator 


Tvble I 

Recovery of Sodium Salicylate Added to Plasma* 


Added 

Found 1 

1 

Added 

Found 

wr 


r*f ' 

r-S 

0 02 

0 02 

0 30 

0 29 




0 30 


1 0 02 

1 

0 30 


0 02 

1 

0 31 

0 05 

0 04 

i 

0 31 


0 05 

0 40 

0 39 


0 05 

1 

0 39 


0 05 

1 

0 40 

0 10 

0 10 


0 40 


0 10 


0 41 


0 10 

0 50 

0 40 


0 10 


0 52 


0 11 


0 53 

0 20 

0 19 




0 19 




0 20 




0 20 1 



1 

0 20 

1 



'Values ex-pressed as sahcjlic acid 


DISCUSSION 

The fluorometnc method is more scnsitii e than the colorimetric, quan- 
tities of salicjlate as low as 1 to 2 mg per cent being detect''blc Such 
measurements arc mthout significance if the plasma blank i= not z'-'ro In 
the ethjlene dichloride procedure a zero plasma blanl is obtained The 
direct method on protein-frec filtrates is applicable to meamrement lo 
concentrations if the plasma blank determined pnor to the cdinini-tr'- tioa 
of salicj late is known In ordmarx clinical u=age vath the latter p’-CKicaurc 
the plasma blank was found to be 1 mg per cent or Ics^^ Tlic latter methej 
has the adxantage of reference standards made up dircctl.., '’hcma'= "ith 
the ethxlenc dichlondc the extraction of 6t'’ndards is nccfsrarx 

In unne the ‘‘salicxl” is present cither as free salic.. he ac'd o- as sen e cen- 







401 


bAMCil.VIl IN ni.OOD 


jugated piocluct (b^^hc^KuJc acid oi gliuuiomdc (8)) JH u-^f of botli clli- 
jdeno dichloiidc and caibon Ictiacldoudc ini Ibods, Ibodio il n! (1) demon 
stialcd the absence of apincunblc ainount‘< of ‘^iIknIuik 'uid in u '^crIt^ of 
plasma samples fioin jiationls on sodium ‘-aluj I'ltc tlicrap\ JH the direct 
method picscntcd m this communication totahulicj late (both free and ( on- 
jugated) nould be measuied, wheieas fue ‘■aluvlK n< id alone e-'fimatcd 
by the ethylene method^- 


SI MM \n\ 

Solutions of sah(^latc fhioK'-ce a biight blui‘«h Molet undei ultniMolet 
light The nuoicMence is intensihcd b\ addition of alKali V sunph pro- 
ceduie foi dnect dcteimination of sih(\lales in piotem-free blood filtrates 
isdesciibed The fluoicsccnt nu thod offeis rapidif\ and gieater serisitn il\ 
than picMous methods 
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STUDY OF A KEW STUMULATORY GROWTH FACTOR 

LLOYD G COLIO avd VIRGIXL\ B\BB 
(From the Wyelh Institute of Applied Btocbemislry, Pkiladclpha) 

(Recened for publication, Fcbruar\ 20, 19^S) 

Dunng the m\ estigation of the folic acid content of natural substances, 
it was found that aqueous extracts of malt sprouts t\hen assaxed xxith 
Streptococcus lacks R yielded abnormalh' high xalues for this xitamm 
Further studies proxed that the effect is produced bx a growth factor 
unidentifiable xxnth anj’ of the known x itamins, amino acids, strepogenm, 
or glutamine It xxas stimulator} for S lactis R and LaclohaciUus casci 
The presence of a growth factor for S lacks R in malt sprouts was reported 
by Ruegamer d aZ (1) Unlike the 5 Zadis R factor of Keresztesx , Rickcs, 
and Stokes (2) the malt sprout factor appears to be cquallx cfTectixc for S 
lacks R and Lactohaallus casci 

The malt sprout factor is not essential for the groxx^th of these organi-ms 
exen for short periods of incubation except when \cry «mall inocuH arc 
used On the other hand, heaxier growth results on addition of malt 
sprout factor with the usual inoculum regardless of whether «tropogcnin, 
excess ammo acids, or excess x itamins are present in the medi i U‘'Cd in the 
inx estigation 


EXPEniMEXTXL 

Preparation of Extracts — 20 gm of dned malt sprouts’ arc extracted xx ilh 
200 ml of distilled water in a Waring blendor for 10 minutes The extr ict 
IS filtered through paper and some fine suspended matter separated hx 
centrifuging at high speed The supernatant contains the malt =prout 
factor and max' be stored in the refrigerator for months without lo'' of 
actix ity 

Method of Assay with (streptococcus lacks R — } irxing xoluniC' of the 
extract are placed in a ’■ones of ten tubes iiid distilled xxator iddcxl to " 
final X olume of 5 ml To each tube are added o ml of the broth dc'Cnlieil 
in Table I The tubes are shaken and autoclax ed 5 minutC' at 120" Aft^ '• 
cooling, the tubes arc inoculated xxith 1 drop of (he Mi'pen^-ion prcjixred a*- 
dcscnbetl below The tubes arc shaken and moubateil at >0 Xiip'o- 
pnatc controls arc included Vfter incubatinc In to IS hour- tbe 'ur- 
biditx of each tube is read in the Klett-?ummrr-on rolonnirur x nh *b' 
rod filter Table II illustrate'^ txqncal rc=ult'= oht i.n<xl itii ir dt •■,>'■< 11 ! 
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factoi extiact when cithci cnzjnnc digest of casern or ncid-hj drolj red 
casein was used as the amino acid souicc wilh <hc ^ame basal medium 


Tahm I 

Cotnpositton of Media (Double Conci ulmtion) 


Vitamin - free acid - hj - 

1 0 gm 

Adenine ‘inlfule 

2 

mg 

drolyred casein or cn- 


Gunniiu h\ drocldonde 

2 

ti 

ryme digest of casein 


]^antliine 

0 

it 

K-IIP04 

0 f) " 

Lracil 

0 

t$ 

Sodium citialc 

5 0 “ 

I olie ntid (Lcderlc ) 

10 

7 

Glucose 

‘1 0 “ 

Thininine lij drorldoridi 

10 

f < 

L-Ci Stine 

10 mg 

Hiliolhu in 

10 

l< 

Dij-Trj ptoplnn 

10 

ISu ntinie in id 

120 

H 

Asparagine 

20 

Calcium pantotlicn ilf 

SO 

tl 

DL-Alamnc 

10 

1’^ ridoMiic h\ dro( Iilornle 

LMO 

i ( 

Salt Solution B* 

1 ml 

p Aminoben-’oie ni id 

Biotin 

Cil las distilli d water 

Adjust pH to 0 S 

0 

0 OS 
100 

4 1 

44 

ml 


* Salt Solution B contains NaCl 0 5 Rin , MKSO4 711-0 10 (in , 1 cSO, 7II-0 0 5 
gin , IMnSOi 211-0 0 337 gm , glass distilli d n iter 250 nil 

T\iui II 


Growth Response of Sticptococcus lacti’t R to Incrca^tnr; 
Quantities of Mall tSprout I actor 



Turbidit) • 

Malt sprout factor added per tube 

Source of amino acids 


Acid hjdrobzcd casein 

1 nr>mc diKcst of casein 

ml 

0 005 

77 

117 

0 01 

103 

138 

0 03 

151 

1G2 

0 05 

172 

170 

0 08 

192 

105 

0 10 

198 

210 

0 50 

218 

244 

1 0 

238 

272 

None 

40 

122 


* Turbidity measured on a Klett-Summerson colorimeter 


Prepmahon of hioculuin— Stock cultuies of Sti cpiococciis lactis R arc 
earned m stabs made by adding 1 5 pei cent agai to the broth m Table I, 
diluted with an equal volume of watei and containing 1 mg of Wilson’s 
liver fraction foi each 10 ml Daily transfeis aie made to bioth of the 

2 Liver fraction L produced by The Wilson Laboi atones, Chicago 
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same composition mth tte liver fraction added After mcubatmg IS to 
20 hours at 30°, the culture is centrifuged and washed three times inth 10 
ml of normal salme After the third w ashing, the organisms are suspended 
and diluted with normal saline to give a readmg of 30 to 35 m the lOett- 


Table III 

Growth Response Produced by Addition of 1 anous Supplements to 
Media with and without Malt Sprout Factor 



1 

1 

<proul 
facto*- 
per tube 

Turbidilj ’ 

SuppleajCJit added 

1 Supplement 
per tube 

Ammo aad source 


Aad hj dro- | 
bjeoca'em | 

: Enzyae diges 

1 of casein 

>>o addition made 

rrg 

0 

rrl 

0 

60 

j 122 


, 0 

1 0 

211 

I 22 s 

W ilson liter fraction L 

' 3 0 

0 

345 

173 


5 0 

1 0 

222 

23S 

■Vmino acid mitturef 

4 0 . 

0 

30 

77 


4 0 ' 

1 0 

205 

23G 


, 10 0 

0 

S 

2S 


10 0 

1 0 

170 

142 

Vitamin mitturej 

ri 

1 0 

0 

61 

117 


1 0 

1 0 

195 

23G 


2 5 1 

0 

49 

6S 


25 ; 

1 0 

170 

219 

Enzyme digest of casein 

ns 1 

100 

0 

no 

141 


100 1 

1 0 

243 

264 


200 

0 

109 

I3S 


200 

1 0 

220 

247 


* Inoculum = Streptococcus Icctu R as described abo\ e Turbiditi read on Klell- 
Summerson eolonmetcr 


t Contains 2 mg of eacb of all the known ammo acids per ml 
t The vitamin mixture contains thiamine h\ drochloridc 2 i , niacin C ■> , p ammo- 
benzoic acid 0 1 7 , riboflaiin 2 7 , pjridoxine hidrochlonde 12 7 , p\ndoxal hjdro- 
chlonde G 7 , biotm 0 004 7 , calcium pantothenate 4 7 

Summerson colorimeter The final moculum is prepared b\ diluting this 
suspension 1000 times n ith normal saline 
Before any conclusion could be reached, it nas neccssarj to eliminate 
the possibility that this stimulation might be due to strepogenm, amino 
acids, or titamins Tuo media nere used for the studx, hating identical 
composition (Table I) mth the exception of the ammo acid source One 
medium contamed 50 mg of enztme digest of casein and the Oihcr 50 mg 
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of acid-hj’-di olyzcd casein pci 10 ml Siipplcmenls of the siilislunccs 
tested \ieie made to bolli media Foi the souiec of ^licpogenin "W ilson’s 
livei fi action L and enzyme digest of casein weie employed A sfock 
solution of all the amino acids and one of all of (he Known Mfaniins weie 
added, as indicated in Table III, in addition (o the (luantities aheadv 
piesent in the medium 'I'hc lesults aie summaii/cd m 4’able III The 
values obtained with the cn/yme digest of casein aie liighei than thoic with 
acid-liydiolyzcd casein, owing inobabh to stieiiogeiiin ai tl\lt^ In e\cn 
instance, while the addition ol supplements did not inaterialh alTect (he 
giowth lesponse o^cl that obtained in (ontiol tube'., the addition of 1 ml 
of malt spiout faetoi pioduced a maiKed lesponse It is niteiesting to note 
that theie is inhibition of giowth with iiu leasing amounts of Mtaniiiis oi 
ammo acids in ciystallmc nn foim Xo sudi icaetion oidiis when ammo 
acids aic mei eased as m the en/^me digest of eas(an I0\fn with this 
inhibitoiy effect malt spiout fattoi pioduccs a inonounccd giowth stimu- 
lation 


'lAiin n 

lltat litabilihi of Mall Sjnoiit J odor, hldl l{(nilni(!‘^ 


Malt sprout factor per tube j 

lutorlaacd S minutes at 120* j 

Sintcrcil rHss filter 

ml 1 


I 


0 5 1 

too 

1 

120 

1 0 

170 

1 

ICS 


DISCUSSIOX 

Thus malt spiout factoi appeals to contain a factoi, oi factors, which 
elicits a giowdli lesponse not obtained by any of the known giowth factors 
listed 111 Table III A cuisoij’' examination of othei souices foi this factor 
leveals that it is piesent in aqueous extiacts of whole fresh Inci, barley 
leaf meal, and fiesli tomato juice It is not piesent in peniicious anemia 
livei concentrates, wdiey, lioise seium, oi Wilson’s livei fiaction L 

Malt sprout factoi is diffeientiated fiom the factoi of Keicsztesjq Rickes, 
and Stokes (2), since it appeals to have appioximately the same activity 
foi Lactobacillus casei as it does foi Sti epiococcus laclis They also mention 
that folic acid can leplace then factoi foi all bacteiia w Inch utilize the latter 
Folic acid does not pioduce the lesponse obtained w'lth malt sprout factoi 
As demonstiated in Table IV, malt spiout factoi is stable to autoclaving 
and, since it is not piesent m livei concentiates, it appeals to diffei fiom the 
factor discussed by Ruegamei et al (1) Hall (3) repoited the replacement 
of folic acid by histidine and its effect on Streptococcus laclis Since the 
broth used m the present paper contamed added histidme and gave no 
appaient lesponse, malt spiout factoi cannot be identified w’lth it 
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It IS apparent that this factor can interfere inth microbiological assays 
in i\hich the mcubation penod is short This discrepancj' is most e\ ident 
when large quantities of the matenal to be tested are used The data on 
the effect of this factor oi er longer penods of incubation are not complete 
at this time 

With M ork now m progress to punf}'- this factor, oi factom, it is hoped 
that a more thorough e\ammation of the effect of this stimulation m micro- 
biological assaj s can be made 


SUMIURY 

A stimulatory factor in malt sprouts effects e for LaclohactUvs casci and 
Streptococcus lochs R has been exammed and found to differ from known 
\ itamms, ammo acids, strepogenm, and other growth factors It is present 
in other natural substances and is heat-stable 
The possible effect of this stimulatoiy factor m microbiological assaj s is 
discussed 
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A NOTE ON THE APPLICATION OF THE COLORIJIETRIC 
NINHYDRIN DETERIMINATION TO STUDIES OF 
ENZYiHE KINETICS 

Bt GEORGE W SCHWERT 

(From the Department of Bioehemtstry, Dut e Vmiersity School of Medicine, 
Durham, North Carolina) 

(Received for publication, March 1, 194S) 

Although the validity of the colonmetnc determination of smgle ammo 
acids mth ninhydrm, desenbed by Hardmg and hlacLean (1), is unques- 
tioned, the failure of this determmation for mixtures of ammo acids, 
together -mth the observation that nmhydnn produces a color mth ammo- 
nia (2) and mth certam ammes and amides (3), seems to ha\ e led to the 
neglect of this useful procedure The discoiery bj' Bergmann and his 
coivorkers (4, 5) of simple sjmthetic substrates for proteoljdic enzjunes has 
provided a pon erful tool for the study of enzjune kinetics, but the analjlical 
methods commonly used have been the limiting factor, both m time and 
accuracy, m these studies 

A detennmation of the absorption spectrum of the color de\ eloped mth 
phenylalanme m the Hardmg-MacLean method vith a Coleman junior 
spectrophotometer revealed a rather sharp maximum at 572 nxy Nin- 
hydrm-pyndine-water blanks haxe a mmunum absorption in this same 
region so that unchanged nmhjdnn causes no mterference with the deter- 
mination Although the color dex eloped by quantities of nn-phen} lalanme 
up to 10 micromoles was found to follow Beer’s law when transmissions 
w ere measured at 572 my, to date a suitable blank has not been found, w ith 
the result that the straight Ime relating per cent transmission on a serai- 
logarithmic scale to quantity of phenj lalanme does not pass through the 
point correspondmg to zero phenylalanme and 100 per cent transmission 
The intersection of the calibration line w ith the 100 per cent transmission 
axis occurs at 0 3 micromole of phen} lalanme This xalue must be re- 
garded as the present low er limit of the method 

Hardmg and MacLean (1) did not apply the method to quantities of 
ammo acids greater than 3 6 micromoles, but it has been found tint the 
quantities of reagents used b> these workers are adequate for amounts of 
phenylalanine up to 5 micromoles The determinations were expended to 
10 micromoles by simply doubling the quantities of reagents used, i c , bj 
using 2 ml of 10 per cent pjTidine and 2 ml of 2 per cent ninln dnn A 
senes of determinations indicated that quantities of phenx lalanme between 
0 5 and 10 micromoles could be estimated wath an error not greater than 
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0 06 micioraole for the loi\cst conccntrniion ami 0 1 micromole for the 
highest concentration 

Repiescntative icsults obtained m follouing (he hjdroljsis of carbo- 
benzox 3 fgb’'cyl-nL-i)hcn 3 dalanmc (0 0J<S m with lespcrt to the L fonn) bj 
caiboxjTiepticlasc (4 03 X 10“' mg of N jici ml of ie*i( lion solution) in the 
piesence of 0 0025 m D-phcinlalanine aie slioun m Table I ' The enz)- 
matic icactionMas lun at 25'’ m 0 01 m pho^-phatc buffer, pll 7 50, mIucIi 
was 0 1 m Mith icspcct to LiCl Tlie blank coii'-i^^ted of substiate and 
D-phen3dalamnc, the enz3’’mc contnbuling no delcetable eoloi at this low 
concentiation The substiatc alone at a concentiation of 0 05 m ga\c9'l 
pel cent tiansmission " 0 2 ml ‘samples weic withdiawn at intenals and 


Tahii I 

Hydrolysis of Carbohctiroii/iiliici/l t, phcin/lnlmniic htt Cnrhoxypi ]ilidnsr 


Time 

Transmission 

Concentntion 

of 

I'licn) hhnmc 

1 


! Calcuhtfil 

1 li>i!rol>jnt 

1 

mvi 

i>t7 crnl 

rticremolts 
{•(r vt 

ftr cerl 

/O-Jjfc-i 

fer (tr‘ 

22 

70 S 

G h 

11 2 

1 "01 

112 

42 

C3 5 

12 3 

25 C 1 

7 00 , 

o 

02 

52 7 

10 h 

35 0 1 

! 0 OS 

1 35 1 

S2 

43 5 

21 5 

it 8 ! 

I ‘ i 

13 5 

102 

39 1 

23 9 

10 s 

b 7S 

50 0 

123 

33 0 

27 5 

1 5" 3 

0 01 I 

57 0 

Mean 


1 

1 

7 00 



* Apparent first order reaction const nn( 

t Calculated from mean value of apparent first order reaction constant 


the color developed was diluted to 100 ml Tiansmissions were read in 
10 X 75 mm cuvettes 

This method has been adopted foi loutmo woik m this laboiatoiy and 
has been found to give lesults in good agieement w ith, but much more con- 
sistent than, those obtained b 3 ’' the ninh 3 ’'dim detcimination of fiec ammo 
acids in the Van Slyke manometiic apparatus The mci eased sensituit 3 ' 
of the coloiunetnc method is being utilized in a detailed stud 3 ^ of the mech- 

1 The results piesenled heic weic obtained by Miss Liaine Elkins of thislaboratori 
in the course of an investigation nhicli mil be fullj reported in the near future 

= This IS true onlj for freshlj' piepared solutions of this substrate Prolonged 
storage of the solution, even in the cold, causes sufiicicnt spontaneous hjdrohsis to 
produce an appreciable color wuth the present method (equivalent to up to 10 per 
cent absorption) This introduces a serious erroi in kinetic studies with carbo\i- 
peptidase when carbobenzo\j'glycjl-nn-phen 3 lnlnmne is used as the substrate, since 
the n-phenylalaninc formed by spontaneous hjdroljsis inaj stronglj inhibit enzi- 
matic activity (6) 
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amsm of the hydrolysis of carbobenzoxyglycyl-L-phenjlalaiune b}* carboxj'- 
peptidase 

This work has been supported by grants from the Rockefeller Foxmdation, 
from the National Institute of Health, United States Public Health Semce, 
and from the Duke Umversity Research Council 

SUMMART 

The utiht}’- of the colonmetnc ammo acid determmation of Hardmg and 
MacLean m studies of the reaction kmetics of proteoljdic enzjmes with 
synthetic peptides has been demonstrated 
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OXIDATION OF INOSITOL BY ACETOBACTER SUBOXYDANS* 


Bt HERBERT E CARTER, CAROL BELJHSKEY.t R K CLARK, Jr , 
EDWIN H FLYNN, BETTY LYTLE, t G E McCASLAND,§ and 
MARY ROBBINS 

(From the Dmsion of Btochemtelry, Koyes Laboratory 0 / Chemistry, 
University of Illinois, Urbana) 

(Received for publication, March 6, 1948) 

Streptamine, a degradation product of streptomycin, has been established 
to be one of the eight possible meso forms of l,3-diarmno-2,4,5,6-tetrahy- 
droxycyclohe\ane (1-3) Consideration of possible sjmthetic approaches 
to such a molecule suggested that oxidation products of mositol might sen e 
as useful intermediates Two monoketo denvatives of mositol (inososes) 
have been prepared and their stereochemical configuration elucidated by 
Postemak (4-6) ept-Inosose (I) is obtamed by the oxidation of mositol 
with mtnc acid (7) and scyllo-mosose (II) by the action of Acetohader sub- 


SP' 

l<[3>=o 

1 

0 


(I) 

(ID 

epi-Inosose 

scyllo Inosose 


oxydans on mositoP (5, 8) In addition to these two substances a crude 
“diketo mositol” has been descnbed m a senes of papers by Dunning, Ful- 

* The authors wish to cypress their appreciation to the Abbott Laboratories, Eh 
Lillj and Companj, Parke, Da\i8 and Companj, and The Upjohn Compan\ for a 
generous grant in support of this work The material presented in this paper was 
taken in part from theses submitted bj Carol Belinsl e.\ and R K Clark, Jr , to the 
Graduate College of theUniversitj of Illinois in partial fulfilment of the requirements, 
rcspectuelj , for the degrees of Master of Science in Cheraistn and Doctor of Philos 
opln in Chemist rj 

Part of the material in this paper was presented at the meeting of the rcdcration 
of Amencan Societies for E\perimental Biologj at Chicago, Maj 19, 1947 (Ffdrra 
tion Proc , 6 , 243 (1947)) 

t Present address, MarjMllc College, St Louis, Missouri 

t Present address, Da\enport, Iowa 

I Postdoctoratc research assistant in Chcmistr 3 

’Two methods of nomenclature for the inososes were considered b\ Po'tcrnal 
(6) In one the inososc is named on the basis of the two inositols it \ lelds on redue 
tion Thus Compound I, which Melds sc\llilol and ireso ino'itol, is called /c Uo 
meso inosose or sevUo-ms inososc Compound II is named dl-tpi-t-eio iDo^o-e o- 
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mer, Pitcher, Underkoficr, and Giiymon (9-13) norkor; obtained 

this substance (rather tlian scijllo-moso^o) b^ the action of A f^vhoTydam 
(Ameiican Type Cultuic Collection Ko 021) on inositol If Ihe ketone 
groups m this dikcto inositol are in t!u> 1 ,3 jiosition, it might afford 
piomiscasan inteiniediatc m the s^nlbeMs of slrcptannne We therefore 
undertook a study of the feimcntation of inositol b\ d whoxijilaji^ m the 
hope of obtaining the diketonc 

The fermentation of inositol ^\aH cai ned out on a 3 ])er cent uiomIoI-O I 
pel cent sorbitol medium at 30° for a 14 daj peiiod w ith \cclobactci sithoxy- 
dans 621 obtained from the Amciican 'Jhjie Cuiluie Collection E\cr} 
effort was made to duplicate the conditions of Dunning (10) exactly in so 
fai as this is possible in such c\pcnmcnls 'Phe fci mental ion mixture nas 
claiified with lead acetate, and excess lead uas rcmo\ed o\er an exchange 
resin column lathcr than with Indrogcn suindc Pj thi^ minoi alteration 
the dex^elopment of a blown coloi was ax oidcd 'i'he final ])iodvict was ob- 
tained as a white cr 3 'stallinc solid which could be fi.ictionatcd from water or 
aqueous methanol The decomposition points of Micces^ixe fiactions usu- 
ally declined fiom about 198° to about 174° (Piiic scy/fo-mososc melts 
xvith decomposition at 200-202° (5), dikcto inositol melts in the range 
184r-195° (13) ) Since a puic compound was not obtained Iw extensn c rc- 
ciystallization of these fractions, attention was turned to the possibility of 
effecting separation tin ough x ai lous dei ix atix es The crude fractions w ere 
treated with phen 3 dh 3 'diazine undci the conditions described ly Postemak 
(5) A heaxy led piecipitatc slowl}’ foimcd at room tempcratuic and in- 
creased in amount oxmi a 2 da 3 ’’ pciiod Extraction of the emde product 
xvith ether remox’’ed a led pigment Fiom the ic=;iduc a xcllow ciystalline 
compound xvas separated by chiomatography oxei an alumina column 
This compound was characterized as an osazonc- b 3 'anal 3 'ses and absorption 


dl-epi-ms-mososo, since it jields dl-cpi -inosiio] and ?«c90-inobitol on reduction In 
this case the term dl-ept-inososc is prefcnblc to a\oid the inconsistcnci of appbing 
the term meso to a racemic form Likewise Compound I is usualb design ited siinplj 
as scyllo-mososB In the second sjslcm each configuration is rc])rcsontcd bj a 
fraction in which the position numbers of the hjdro\jl groups Ijing "ibove" the 
plane of the ring form the numerator and the numbers of those h lug below the plane 

216 

form the denominator Thus scyllo-mososc is named inosose or for con\cnionce 

35 

inosose- (246/35) This sjslem is applicable to all inositol denvatnes whose con- 
figuiation is known The first method, emplojing tuvial names, is less general and 
runs into obvious inconsistencies However, since the terms ept- and scyllo-mosose 
have been established by usage, they will be omplo\ed in tins paper 

2 Posternak (7) prepared an osazone (m p 192-104°) from the hj pobromite o\ida- 
tion product of inositol This may be identical w ith our osazonc Cliargaff and 
Magasanik (14) recently reported an osazone (m p 213-214°) from the ovidation 
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spectrum It was (iisco\ ered subsequently that tbe crude pbenylbj-drazme 
reaction product contamed both, a phenylhydrazone and an osazone The 
phenylhydrazone could be separated from the mixture by extraction with 
methanol The residue jnelded pure osazone on recrj'stalhzation from 
pyridme-w'ater 

The mterpretation of these results is comphcated by the obsen'ation that 
pure scyllo-mosose and mosose phenylhydrazone abo yield the osazone on 
extended treatment mth phenylhydrazme Furthermore it was discoi ered 
that when the phenylhydrazme reaction mixture was cooled, stirred ngor- 
ously, and the walls of the flask scratched to mduce rapid crj'stallization, 
the product consisted mamly of phenyIh 5 '-drazone In this way good juelds 
of the phenylhydrazone of scyllo-mosose were obtained from each of the 
fractions 

These data mdicate that a considerable proportion of the osazone pren- 
ously obtamed resulted from the oxidizmg action of phenj Ihj drazme and 
that the major portion of the fermentation product consisted of scyllo- 
mosose 

Three other strains of Acetobacler sitboxydans,^ strains NIlIlL-B-72, 
B-474, and B-487, ere also studied under the conditions of Dunmng (10) 
The first two gave results essentially identical inth those obtamed with the 
Amencan Type Culture Collection No 621 The thud strain, B-487, me- 
tabolized mositol very slon ly, and e\ en after 10 to 12 day's more than 50 
per cent remamed unattacked 

Since the possibility of oxidation by pheny Ihydrazme mtroduced a com- 
phcatmg factor, it i\ as decided to prepare acety 1 dem atu es of the i anous 
fractions For this purpose a large fermentation with strain B474 was 
processed and the crude product separated mto five fractions from water 
and aqueous methanol Pheny Ihy drazones and acetyl dem atu es were 
prepared In addition each fraction was comerted to the oxime This 
dem atu e is obtained m good yneld on treatmg pure scyllo-mosose wnth 
hy'droxylamme at pH 13 to 14 The sodium salt of the oxime separates as 
a nicely cry'stalhne product wnth a sharp decomposition point The free 
oxune IS more soluble and less stable than the sodium salt and is not a useful 
denvatu e 

Tlie results of this study are summanzed m Table I All the fractions 
ga\ e the pheny lliy drazonc of scyllo-mosose in good yneld F raction I, how - 

product of /-inositol In Xcclohactcr suboiydans The subslincp m.i\ b" the / mti 
podo of our dl osazone 

*The authors wish to express their appreciation to Dr IMllnm C Ifaxnci of tb*- 
Northern Regional Research Laboraton, Peoria, Illinoi", who generousU supplied 
the cultures of strains NRRL B-72, B-474, and B-4S7 
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ever, gave a gummy acetyl derivative which icsistccl all attempts at crystal- 
lization Novel thcless, this finction gave a good Mold of phcnvlhydrazonc, 
and leconv'^ersion of the latter to inososc gave a pioduct which was rcadilv 
conveitcd to ciystalline pcntaacctyl-scy//o-inososo 'Die over-all yield in 
these steps was 70 per cent iVJl other fiaction‘> gave good yields of the 
pentaacetyd derivative dncctly 

Vaiiation of feimentation time was btudicd nest As a basis for this 
work the rate of disappcniancc of inositol in control flasks was determined 
by’’ a yeast assay method Somewhat to our surpiee the oxidation of the 
inositol w’as complete in 3 to 4 day's (J’icv lous uoikeis employed 12 to 20 
day" feiTnentation peiiods but did not dotoniiine the late of di'^'ippcarance 
of inositol ) Fermentation products were prooes‘^cd after various intervals 

Taut I 1 

DcrTValiva from fraction of Strain Iiio'-ilol Vrnneniiition 

Product 

Yields arc based on 1 0 gm samples of each fraction 


Fraction No end total eight 
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langing from 4 to 14 day's A v'ciy'- high y'lcld of cnidc inososc w as obtained 
fiom the 4 day fermentation mixtuie This matciial, without puiification, 
gave excellent yields of pentaacctyl dcriv'ativ'c and of phony Ihvdiazone 
The products fiomlongei f ei men tations generalh' gave slightly lowci yields 
of the mosose derivativ'es In the pheny'lhvdiazine leaction moie of the red 
pigment w'as pioduced (Puie mosose gives only a slight amount of colored 
material ) Certain fiactions failed to yueld a ciy'stalhne pentaacety 1 deriv'a- 
tive until they had been purified thiough the phenv'lhydiazonc It seems 
likely that scyHo-mosose is fiist foimed and then undergoes v'eiy' slow further 
reaction on standing In this connection it might be noted that mosose is 
slowly oxidized by an, especially at an alkaline pH (15) The nature of 
the contaminant m the oldei feimentation pioducts has not been deter- 
mmed Kluyver et al (15) have suggested that the oxidation of mositol 
by Acetobacter suhoxydatis may proceed through hexahydioxy'benzene (enol 
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form of tnketo mositol) We have no direct evidence for its presence in our 
fermentation mixtures, except for the suggestive obseiv’ation that hexahj - 
droxybenzene pves a red pigment with phenylhydrazme 

In order to obtam additional quantitative data on the fermentation, the 
oxj'gen uptake vas detenmned manometncaUy on a senes of flasks At 
the end of 3 days oxj gen consumption ceased (at this pomt only a trace of 
mositol remamed) and the total uptake ranged from 0 52 to 0 57 mole of 
oxygen per mole of mositol 

These data clearly shoiv that under the conditions of our experiments the 
major portion of the mositol fermentation product is scyllo-mosose All 
strains of Acelobacter suboxydans tested gave similar products and no en- 
dence was obtamed for the presence of an appreciable amount of diketo 
mositol in the fermentation mixtures 

EXPERIMENTAL 

Fermentatton of Inositol — Stock cultures of Acelobacter sxiboxydans 621 and 
strams NIlRL-B-474, B-72, and B-487 were mamtamed on agar slants (1 5 
per cent agar, 0 5 per cent Difco j'east extract, 0 5 per cent sorbitol) The 
first two strains were used for most of our experiments A stenle sorbitol 
medium (10 per cent sorbitol, 0 5 per cent Difco jeast extract) nas inocu- 
lated mth stock culture and incubated for 3 days A 10 ml subculture was 
used to inoculate 200 ml of unbuffered mositol medium (3 per cent anh3- 
drous 7«cso-mositol, 0 1 per cent sorbitol, 0 5 per cent Difco j'east extract) 
The culture was incubated m a 2 hter Erlenmej er flask at 30° for penods 
varying from 4 to 14 daj s Later it nas discox ered that the oxidation pro- 
ceeded smoothlj'- at room temperature (26-28°) and several large scale runs 
vere made m 2 quart milk bottles (each contammg 200 ml of medium) 
stacked honzontallj' on the desk top Tlie progress of the fermentation 
was follo'ned bj' microbiological assajs for mositol Strain IsRRL-B-487 
oxidized mositol sloulj and mcorapletclj Ex en after 10 dax s the medium 
assayed 19 6 mg of mositol per ml (onginal concentration, 30 mg per ml) 
The remaimng three cultures oxidized mositol rapidlj and exhibited no im- 
portant differences in their behamor After 3 dajs each of these three fer- 
mentation mixtures assaj ed 0 5 to 1 0 mg of mositol per ml 

Mtcrobiological Assay for Inositol — ^The pjaadoxanc assax method of 
Atkin cl al (16) was modified for use m assaxnng mositol (Px-ndoxine n as 
supplied m the medium ) The test organism, Saccharomyces carhhcracrsi^ 
(No 26,803),^ gax e a reproducible gronili cun e at lex els of 0 to 15 of in- 
ositol per 10 ml after incubation ■with shaking for 16 to IS hours Growth 

‘The culture of Saccharomyzes carlthergcntis vras Lindh supp’iej Dr O C 
Bird of Parke, Dans and Companj 
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was determined by measuring iuibidily with an ICvchn colorimeter and the 
samples weie calculated by lefeiencc to the standard cunc 

Isolation and Fi actionation of Fermentation J^iodiict, Acetobaclci siihoxy- 
dans 621 — ^Thc contents of ten 14 day fcimcnlation flunks ( Vmcncan Tjpe 
Culture Collection No G21) wcic combined (2200 ml ) and tieafed with 10 5 
ml (0 75 pci cent by ^ olumc) of satin ated lead acetate solution The miv 
tuie w^as filtcied with the aid of Filtei-(’el and the filtrate was passed 
through a 4 5 X 10 cm .‘Vmbcihtc 111-100 column m the acid phase to re- 
move excess lead ions The column was washed with 300 ml of water 
The lead-ficc solution was eonocntiated to a small Mihiine under reduced 
pressuie and the precipitate was icmo\cd bj (iltration, guing 40 gm of 
mateiial decomposing at 192-101° ^ An equal \ ohime of alcohol was added 
to the filtiatc, giving 7 5 gm of material decomposing at 178-181° The 
filtrate on concentiation gave a daik gum which was rliscaidcd 27 gm of 
the fiist fiaction wcic icciystallircd fioni hot water and additional crops 
weie piecipitated fiom the filtiatc by concentration and addition of metha- 
nol The following fi actions wcic obtained Fraction A 2 75 gm (decom- 
position 195-198°), Fraction B 14 7 gm (decomposition 181-187°), Fraction 
C3 5gm (decomposition 179-183°), Fiaction D 1 Ggin (decomposition 177- 
179°) Extensive fractionation was earned out on these products and on 
similar ones fiom otlier fermentations, witli water, aqueous methanol, and 
aqueous ethanol as the solvents None of these fractions appeared to be 
pure, although the results of later exTiciiments indicated that all of them 
consisted to a very largo extent of scyUo-mososc 

Reaction of Crude Fermentation Product with Phcnylhydrazinc — 13 5 gm 
of Fraction B w^ere dissolved m 300 ml of water at 00° and the solution was 
filtered and cooled to i oom temperature 18 ml of i cdistilled phenylhj dra- 
zme and 30 ml of glacial acetic acid were added and the solution was 
allowed to stand at loom temperature for 2 days The dark precipitate 
was filtered and air-diied, giving 8 0 gm of a dark brownish red product 
The filtrate deposited more precipitate on standing and after 2 da} s a second 
crop of 3 4 gm was removed 10 ml of phenylh} drazme and 20 ml of gla- 
cial acetic acid were added to the filtrate and after 1 day 2 5 gm of precipi- 
tate were obtamed The dried solids were extracted wnth ether wdiich re- 
moved a dark led pigment The ether-exti acted residues from the three 
fractions w'eie light tan solids weighing 5 8, 1 7, and 1 5 gm , respectively 
(total 9 0 gm ) 

In the purification of these and similar products chromatography was 
employed Alumina w^as poured into the column as a slurry in methanol 
and washed thoroughly wnth methanol The crude product wxas dissolved 

6 The melting and decomposition points reported in this paper w ere determined 
on the ICofler micro block unless otherwise specified 
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m the minimum amount of pjTidme and applied to the column, wluch was 
then de\ eloped mth absolute methanol and pjTidine-methanol 1 he latter 
solvent markedly mcreased the rate of de\elopment A red band came 
through the column first, follow ed by a yellow band A dark red pigment 
remained adsorbed at the top of the alumina column The j-ellow band 
consisted of dlrscyllo-mosose osazone 
The first two products above (5 8 gm + 1 7 gm ) were dissoh ed in P 3 'n- 
dme, apphed to a 4 5 X 18 cm alumma column, and de\ eloped with metha- 
nol and pyridme-methanol The first 240 ml of the percolate coutamed 
529 mg of a red gummy solid which was almost entirely soluble m ether 
The next fi\e fractions (1900 ml ) were combined and concentrated, ginng 
6 16 gm of a yellow sohd This matenal was \ery soluble m pj-ndme, the 
addition of water or methanol caused crj'stallization of 5 'ellow needles de- 
composing at 198-200° This matenal ga\ e the correct analjdical data for 
scyllo-mosose osazone and an ultraviolet absorption spectrum \ eiy similar 
to that of glucosazone 

Cj JIsoNhO, (356 38) Calculated C 60 66, H 5 66, X 15 71 
Found " 60 93, “ 5 67, " 15 67 

Ultraviolet absorption maxima scyllo-lnosose osazone, toy: = 19,800, 
<3190 = 10 , 000 , « 39 oo = 16,200, glucosazone, <3550 = 18,100, < 3 im = 10 , 000 , 

<3SjO ~ 20,000 

Preparation of scyllo-lnosose Phcnylhydrazone from Crude Fermentation 
Product — 13 gm of fermentation product similar to that used in the preced- 
ing section were dissolved in 360 ml of hot water The solution was cooled 
to room temperature and 18 ml of phenj Uij drazme and 36 ml of glacial 
acetic acid were added The flask was immediatelj chilled m an ice bath 
and the walls were scratched with a glass rod until precipitation of the 
phenjdhj'^drazone occurred After 30 minutes the red precipitate w as fil- 
tered, dned, and washed with ether, gning 16 gm of a pink ciw'stalline 
phenjdhydrazone melting with decomposition at 167-169° Reci^ stalliza- 
tion of this material from methanol gar e 12 0 gm (61 per cent jield) of 
colorless phenj Ihj drazone melting with decomposition at 176-177° 
Postemak reported that scyllo-mosose phenj lh\ drazone decomposes at 184° 
when heated rapidlj’ in a capiUan tube 
The filtrate from the phenj Ihj drazone deposited additional precipitate 
on standing This jiclded a small quantitj of osazone on extraction with 
ether and recn’stallization of the residue from pxudine-w atcr or pjndinc- 
methanol 

Preparation of scyllo-lnosose from Phcnylhydrazone — The conicrsion of 
phenjdhj drazone to inosose was effected bj* a slight modification of the pro- 
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cedure of Posteiimk (5) 8 gm of the plicnylliydraronc were mixed with 

80 ml of ethanol, 8 ml of ben/^aldchj’dc, and 4 ml of glacial acetic acid, 
then 400 ml of boiling watci weie added Tlic mixtuic was icfluxcd for 15 
minutes and w'as then cooled and extracted with ether to remoxo the benr- 
aldehyde phenylhj'diazonc The aqueous layci was concentrated to 50 
ml , and 50 ml of methanol wcic added ^Vftei standing o\cinight in the 
ice box the cij’^stalline pieciiiitate was icmoxod, wa^'hed with methanol, and 
au-diicd, giving 4 7 gm (SS pci cent •sicld) of ^ryZ/a-moso^e The decom- 
position point of scyllo-mososc \ ai ics w ith the rate of heat mg On a Koficr 
block w'lth lapid heating, melting with decompo-it ion occur-i at 199-202'“, 
with slow^ heating at 191-190'’ In eithei case bi owning occuis before the 
melting point is i cached Posleinak lepoilcd that sa/Uo-mo-^o-^c melted at 
205-208° wdien heated lapidly in a capillary' tube' (5) 

Preparation of Derivatives fi oni Pwc scyjlo-lno'! 0 ‘^c 1 Phcnijlhydrazonc— 
The reaction of inososc oi of the ciudc feimcntalion product with phcnjl- 
hydiazmewas earned outbya modification of the conditions of Postemak 

(5) 

1 gm of puie scyllo-mososo was dissolved m 30 ml of waiin xiatcr The 
solution was cooled to loom tcmpciature and 3 0 ml of glacial acetic acid 
and 1 5 ml of phen 3 dh 5 'drazino were added The flask was cooled immedi- 
ately in an ice bath and vigorously sciatchcd to hasten ciy stallization 
Aftei 30 minutes the pink piccipitate was filteicd, washed with cold water, 
and aii-diied, giving 1 30 gm of colored phenxlhjdra/ono melting with 
decomposition at 175-177° The mateiial was washed with ether and re- 
ciystalhzed from 40 ml of hot methanol, gix ing 1 12 gm of colorless needles 
(75 per cent jncld) melting xvith decomposition at 170-177° 

A second 1 gm quantity of puie scyUo-mososc was treated as aboxe, 
except that the flask wms allowed to stand undisturbed foi 2 daj^s at loom 
temperature The piecipitate wms filteicd and diicd, gixing 1 25 gm of 
mateiial How'evei, on lecij'stallization onlj' a pait of this raatciial dis- 
solved m methanol and fiom the solution onlj' 0 07 gm (45 pei cent 3 'ield) 
of phenylhydrazone w'as obtained The residue (0 5 gm ) w as a j'ellow 
solid which yielded 0 3 gra of osazone on leeiystallization fiom pjuidine- 
water 

The osazone is also obtained by ti eating the piefoimed phenjdhj'drazone 
with phenylh}^diazine, although the reaction is slowei (piobablj' due to the 
low' solubility of the phenylhydrazone) A suspension of 0 75 gm of the 
phenylhydiazone in 15 ml of w'ater w'as tieated with 0 75 ml of phenylhj'- 
drazme and 1 5 ml of glacial acetic acid /Vftei 3 days at 25° the deep led 
precipitate w'as filtered, air-dned, and exti acted w'lth ethei, giving 0 35 gra 
of tan solid This was extracted successive!}' w'lth 13 ml and 5 ml portions 
of boiling methanol, leaving 0 17 gm of residue w'hich w'as recrystallized 
from 3 ml. of warm pyridme by addmg 25 ml of water The precipitate 
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^\as filtered, gi\Tng 0 15 gm of dlsq/Ho-mosose osazone as 3 ’'eUoiv lustrous 
needles decomposmg at 192-194° A second recrj'stallization raised the 
decomposition pomt to 194-196° 

2 Pentaaceiyl-scyllo-inosose — The acetylation was accomplished the 
acetic anh 5 '’dnde-sulfunc acid procedure of Postemak (5) 3 gm of inosose 

were added to 36 ml of 1 19 sulfunc acid-acetic anhj’’dnde mixture The 
reaction mixture was warmed to 50° and allowed to stand at room tempera- 
ture for 2 hours, dunng which time crystals separated The mixture was 
cooled m an ice bath and filtered The precipitate was washed mth glacial 
acetic acid and ether, givmg 5 30 gm (81 per cent jneld) of pentaacetjl 
scyllo-mosose meltmg at 209-212° Reciystallization of this material from 
glacial acetic acid contaimng a trace of sulfunc acid gave the pure denA atn e 
meltmg at 211-212° We confirmed the obser\'ation of Postemak (5) that 
repeated recrystalhzation of the 212° meltmg product from glacial acetic 
acid alone gave a pentaacetyl denvative meltmg at 145-147° This was 
readily reconverted to the 212° form 

Treatment of sqjUo-mosose or the pentaacetyl denvatn e with acetic an- 
hydnde and sodium acetate caused aromatization to 1 ,2,3,5-tetraacetoxy- 
benzene, as descnbed by Postemak (5) 

8 Sodium scyllo-InososeOximaie — ^A solution of 15 6 gm of hj'droxylamme 
hydrochlonde and 15 5 gm of sodium hj'droxide m 135 ml of water was 
cooled to about 10°, and 2G 7 gm of scyllo-mosose were added with stimng 
The oxime sodium salt crystallized m a few minutes After 1 hour, the 
precipitate was filtered (m p 136-137°) and recrj'stalhzed bj’ being dis- 
solved in 100 ml of boiling m ater and 75 ml of absolute ethanol added On 
coolmg there were obtamed 29 gm (90 per cent }neld) of colorless pnsms 
meltmg at 138-139° (capillaiy) mth decomposition 

CtH,oNO«Na (215 15) Calculated, N 6 51 , found, X C GO 

The free oxime was obtamed bj' tnturatmg the sodium salt with 125 ml of 
glacial acetic acid The viscous oil mitiallj* formed solidified to a colorless 
raicrociystalline powder This material was u ashed twice with absolute 
ethanol, giving the free oxime decomposing at about 140° (capillary) 
Tlie oxime is \ erj' soluble m water and darkens on standing 

Attempts to prepare the free oxime directh from mosose at a lower pH 
were not successful The hexaacetjl deruatue was prepared bj treating 
the free oxime with 6 \ oluraes of acetic anhj dnde containing a trace of 
sulfunc acid for 1 hour at 100° Tlie clear solution was cooled and poured 
into 30 ml of water The oil winch separated soon ciystallizcd, giMng 
0 9 gm of colorless needles This matenal w as rccrj'stallized from ab-o- 
lutc ethanol, gi\ing pure he-xaacetjl-sq/lfo-mososc oxime (m p 111-112') 
(capillary) 
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CisHsjNOr (115 37) Cnlculfilrd C IS 51, II 5 20, N .115 

FouikI " IS f.5, “ 5 OS, " 3 22 

Ft actionation and Chawcla izahon of Fomentation Product, Strain 

NRRL-B-47/i — Si\lecn fliisks (9G gm of inositol) were inoculated with 

strain NIIE,L-B'474 and incubated at 30° for 14 dajs The fermentation 
mLxtuies were combined and dcprotcim/ed with 2S ml of ‘-aturated lead 
acetate solution The suspension was filtcicd with the aid of Tiltcr-C'cl 
and excess lead w^as icmovcd b)’ passing the /iltiate fhiough an Ambcrlitc 
IR-100 column m the acid phase The column was washed with 300 ml 
of water and the combined solutions weic conccntiated in eneno to 190 
ml , causing crystals to separate The mixtuic was warmed to ’>0-00° and 
filtered The piccipitatc was washed with 80 ml of hot water and air- 
dried, giving 17 2 gm of material decomposing at 205° (Fraction I) The 
combined filtrate and washings were diluted with water to 320 ml , and 800 
ml of methanol w’crc added After 20 hours at 5° the cr\stalhnc precipi- 
tate wms collected, washed with methanol, and diicd, gi\ing57 5 gm of 
mateiial decomposing at 192° (Fraction II) SOO ml of methanol were 
added to the filtrate and the mixtuic was stoicd in the ice box orcmight 
The precipitate (Fraction III) weighed G7 gm (decomposition 185°) 
The filtrate w'as concentrated to 35 ml and cooled, gi\ ing 4 0 gm (de- 
composition 185°) of material (Fraction IV) Addition of 050 ml of 
methanol to this filtrate gave 3 S gm (dccomi)osition 181°) (Fraction V) 
The total weight of lecorcicd mateiial was 89 2 gm , which represents a 93 
per cent yield calculated as inosose 

In order to characterize the fractions the phenylhydrazone, oxime, and 
pentaacetyl derivatives w'crc prepared fiom each under the conditions 
previously desciibed The results of this stud^’’ are summarized in Table I 

Fraction I did not jneld a crj'stalline pentaacet}! dernatne directly 
To detenmne the maximum amount of impurity present, 2 0 gm of Frac- 
tion I were converted to the phenylhj'^drazone (yield 2 65 gm , decomposi- 
tion 175-176°) From the phenylhydrazone 1 54 gm of sci/Uo-mososc 
were obtamed and this mateiial gave 3 06 gm of pcntaacetyl-sci/lfo-inosose 
(mp 210-212°) The over-all yield of puie pentaacetjd derivative from 
Fraction I was 70 per cent Since puie scyllo-mosose m a similar senes of 
reactions did not give an appreciably higher 3 ’’ield, it is obvious that the 
main component of Fraction I is scijllo-mosose 

Manometnc Study of Inositol Fomentation by Acetobacto' s:uhoxydans— 
2 liter Erlenmej'-er flasks containing 200 ml of inositol oxidation medium 
were sterilized and inoculated with Acetdbacler suboxydans 621 The flasks 
were connected to manometers and a source of oxj^gen A contiol flask, 
contaming all of the materials present in the experimental flasks except 
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inositol, was also set up The oxygen uptake in the flasks was determined 
at intervals and after every readmg oxygen was admitted, so that the 
pressure never deviated greatly from atmosphenc The consumption of 
oxygen ceased after 72 hours (at this pomt only a trace of mositol remamed 
in the experimental media) and the difference between the oxj'-gen con- 
sumption of the experimental flasks and of the control flad: amounted to 
0 52 to 0 57 mole of ox 5 ''gen per mole of mositol 
Preparaiton of scyUo-Inosose — ^An excellent yield of practically pure 
sq/llo-mosose can be obtamed directly from 4 to 5 day mositol fermenta- 
tions The culture medium from slx flasks (stram hTE,RL-B-474) vas 
harvested and treated with 10 ml of saturated lead acetate solution The 
precipitate was filtered and excess lead was removed over an Amberhte 
IR-100 column (4 X 16 cm ) The column was washed with 200 ml of 
water and the solution was concentrated to 175 ml , causmg solid to sepa- 
rate The addition of 175 ml of methanol completed the ciystallization 
After 2 hours at 0°, the precipitate was filtered, washed with methanol, 
and air-dned, givmg 31 4 gm (87 per cent yield) of crude scyllo-mososc 
(decomposition 199-201°) This matenal may contam traces of impurity 
which can be removed by purification through the phenylhydrazone 

StraiMART 

The fermentation of inositol by Acetohacler suhoxydans was mvestigated 
scyllo-lnosose was obtained as the major product of the oxidation No 
other substance was isolated in significant quantitj, although xanous 
strains of Aceioiacler suhoxydans were emplo 3 ed and the fermentation tune 
was varied scyllo-lnosose was found to jueld an osazone on prolonged 
treatment vnth phenylhydrazme Tlie sodium salt of the oxime of sq/llo- 
mosose vas prepared, and proved to be a conx enient denx atix e for charac- 
terization purposes 


BIDLIOGRAPHT 

1 Carter, H E , Clark, II K , Jr , Dickman, S 11 , Loo, Y H , Skcll, P S , and 

Strong, W \ , Science, 103 , 540 (1946) 

2 Pcck.R L HolThine, C E, Jr, Peel, E \X ,Grabcr,R P.HolK.F It jMoringo, 

R , and Polkcrs, K , / Am Chem Soc , 68, 770 (1940) 

3 1 ned, J , Bo\ack, G \ , and \Mntcrstoiner, 0 , J Biol Chem , 162, 391 (1940) 

4 Posternak, T , Ilch chirn acta, 29, 1091 (1940) 

5 Posternak, T , Heir chim acta, 21. 1045 (1941) 

0 Posternak, T , //c?[ chim acta, 25, 740 (1942) 

7 Posternak T , //clt chim acla, 19, 1333 (1930) 

S lvlu\^cr, \ J , and Bociaardt, \ G J , Bee Irai chim Pai' Ra^, 68, 05r, (1030) 


426 


OXIDATION or INOSITOIi 


9 Dunning, J W , Fulmer, E I , Guymon, J F , nnd Undcrkoflcr, L A , Science, 
87, 72 (1938) 

10 Dunning, J W , /oun »Sialc Co/i J iSic ,14,21 (1939-10), Tlicsn,IouftStatoCollcgo 

(1938) 

11 Dunning, J W , Fulmer, E I , find Undcrkoflcr, L A , Iona Slate Call J Sc , 

16, 39 (1940) 

12 Pitcher, W Jl , Iona Slate Coll J , IG, 120 (1911), Thr'iri, Iok a State ColIcg<' 

(1941) 

13 Fulmer, E I , and Undcrkoflcr, L A , loirn State Coll J Sc , 21, 230 (1017) 

14 Chargaff, E , and MagaBanik, B , J liiol Chnn , IGG, 379 (1010) 

15 Kluyver, A J , Ilof, T , nnd Boernardt, A G .1,7 mi/inoloffia, 7. 237 (1930) 

16 Atkin, L , Schulfr, A S , Williams, W 1. , and I ro^ , (' K , luil and Fng Chem , 

Anal Ed , 16, 141 (1013) 



RADIOACTIVITY DISTRIBUTION IN THE TISSUES OF MICE 
BEARING MELANOSARCOMA AFTER ADMINISTRATION OF 
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It has long been recognized that radioactive isotopes furnish a means of 
irradiatmg deep seated neoplasms and metastases pronded the}' can be ad- 
mmistered in a form which will localize with a sufficient degree of selectivity 
m the neoplastic tissue The availability of radiocarbon greatly expands 
the possibilities of this method for controUmg cancer The melanosarcoma 
suggests itself for localization expenments, smce hea\y formation of melanm 
usuall}'’ characterizes this tumor (1) and gives a clue to the nature of com- 
pounds which might deposit in it with the necessarj' selectivity Studies 
are in progress in this laborator}' m which vanous precursors of melamn 
labeled with C‘^ are s)mthesized and their metabolism followed m normal 
mice and m mice beanng melanosarcoma One such precursor, tvrosme (2), 
is the subject of this paper As an exploratorj experiment, nn-radio- 
tyrosme has been admmistered to mice beanng melanosarcoma and the 
whole tissues have been assayed for radioactivity The pnmarj' purpose is 
to assess the degree of promise nhich this approach offers to melanoma 
therapy, but the results mil also have general biochemical interest In 
particular, they contam information relative to the question of tumo\ er of 
radioactive carbon in the body, a subject mth vhich this laboratory is con- 
cerned m connection mth a program of studjang the health aspects of u'lng 
radiocarbon, both in the laboratorj' and therapeutically 

Synthesis of T>h-Tyrosinc Labeled with O* m ^ Position 

The method used to samthesize radiotjTosme has been desenbed in outline 
elsewhere (3) The details are gi\en below 

p-Anisic Acid — A solution of p-methoxj'phenjlmagnesmm bromide was 
prepared under nitrogen from 9 3 gm (0 059 mole) of p-bromoanisolc and 
1 32 gm (0 055 mole) of magnesium Tlie reaction w as started under 
ether, then the bulk of the bromide was added o\er a penod of 2 hour- as 
solution m 40 ml of 59 per cent ether-benzene mixture The reaction 

* This work was earned out under contracts No W 7493 Eng-tS and Dii I'^ion II 
NDP4S\ (99930) between the Atomic Energy Commis-ioa and the Unnc-sit\ o" 
Cahforma 
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mi\tuie ^\as icfluxccl duiing tlic addition, tlicn foi 0 lionn longer to com- 
plete the icaction, which was sluggish Vt the end of this time, 50 ml of 
cthei and 50ml of benzene weie added 'J'his was neies'^'u> to dis-johc the 
ratliei insoluble Cliignaid leagenl The com entiation of the final solution, 
deteimmed by litiation, was 0 270 m 
p-Anisic acid wa^' picpaicd b^ c.iibonaling 20 ml (7 2 millimoles) of the 
Giignaid leagcnt witli eaibon dio\ide geneiated from 102 gm (518 
millimoles) of ladioaetne bainim caibonalo b\ a fechimjiie described 
elsew'here (4) The jnnified acid weighed 0 01 gm , which is SI per cent of 
the theoretical ^^eld based on baiiuin (aibonale 

p-AmsalcIchyiJe — In a thiec-nedv SO ml peni-shapcd flask were placed 
0 04gm (4 2 millimoles) of 7i-ani‘>icacid and 5 ml of jnirifird’thionjl chloride 
The two side necks weic plugged, a ieflii\ condcn''ei was inserted in the 
middle neck, and the mi\luic was icfliwed 5 houi^ O'he tlnoinl chloride 
wms then removed tu tacuo and the residue was dissohed in 7 ml of dr} 
CP \ylene To the solution were added 0 003 ml of ciuinohnc-sulfur 
poison (5) and 0 05 gm of 5 pei cent p illadium-bainim sulfate {atal}st," 
Rosenmimd leduction of the acid chloiidc was then eaiiied out by passing 
hydrogen thiough the mixtuic at reflux tcmpciatuie 'J'lie h\diogen was 
purified by pass^ige thiough Ficset’s solution (0) and diiente and was ad- 
mitted to the icaction flask thiough a bent capillai} which was inserted 
through one of the side necks and extended below t he suiface of the solution 
Rising from the other side neck was a 20 cm length of 1 1 mm glas-, tubing, 
w’hich seivcd as an an condensci to hold back x\lcno The upper 5 cm 
w’as packed with diieiitc to exclude moistuic Fiom the exit of this tube, 
the effluent gas was led through sodium h} dioxide, m order that the I13- 
drogen chloride evolution could be followed The solution was Molcntl} 
agitated by a sealed induction stiiicr attached at the cenlei neck Un- 
lubiicated ground glass connections weic used thioughout 

The reduction lequiied 4 hours Tlic yield of aldch} de m a pilot nin was 
determined to be 73 pei cent, based on anisic acid, by picparing and weigh- 
ing the 2,4-dmitiophenylhydrazone In the ladioactivc run the aldeliydc 
w^asnot isolated and its jneld was not determined, the e\olution of h}dro- 
gen chloride w^as equivalent to SS pei cent of the anisic acid 

* By distillation from quinoline, then boiled linseed oil 
^ Obtained from the American Platinum Works, Newark, New Jersej 
This stirrer was constructed with Teflon bearings and the rotor was protected 
with plastic paint No 4A (Intcrchemical Corporation, 1073 Howard Street, San 
Francisco) in order to eliminate the possibilitj' of catahst poisons being w'ashed 
into the reaction mixture by condensed xylene Actuallj little or no xylene found its 
way past the bearing into the upper part of the stirrer 
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Amsalhydantoin — ^The aldehj’-de solution obtained m the reduction ivas 
centrifuged to remoi e the catal3'st, transferred to a heai^' ivall, 14 X 100 
mm PjTex ignition tube, and the solvent was remo% ed under a vacuum 
To the residue were added 0 55 gm of hj'dantom, 0 7 ml of di^* diethjla- 
mine, and 1 2 ml of dcj' pjTidme The tube was sealed and heated 72 
hours in steam It nas opened and the solvent was pumped off at room 
temperature, then pumping was contmued for 1 5 hours at lOO" The 
residue nas stirred with three 2 ml portions of hot nater, each portion 
bemg removed with a filter stick before the addition of the next The 
j’-ellow residue of amsalhjdantom weighed 0 GO gm after di^ung at 90° 
This IS a jneld of 93 per cent based on anisaldehj de, assuming the jneld in 
the reduction nas 73 per cent and is in agreement vnth values around 90 
per cent foimd m pilot expenments 

Tyrosine — ^To the anisalhj'dantom were added 0 19 gm of red phosphorus 
and 2 4 ml of redistilled h} dnodic acid, dll A cold finger made from a 
conical 5 ml centrifuge tube was hung in the mouth of the test-tube and 
the mixture was refluxed 5 hours Then 0 63 gm of iodine was added and 
the mixture was refluxed 5 5 hours longer The solution vas filtered into a 
30 ml flask with a 14/20 ground neck and the solvent was pumped anav’ 
To the residue v\ ere added 5 ml of n ater and the solv ent was agam remov ed 
The residue was then taken up in 5 ml of water A j ellow turbiditj was 
present , it increased as water w as added Water w as added until no further 
increase m turbiditj’- was observed (25 ml ) and the turbiditj* was removed 
by centnfugation The solution was then adjusted to pH 5 7 with 
ammoma, and a slight precipitate which appeared was filtered off This 
appeared to be an impuntj, as it turned brown on drjnng and was dis- 
carded The solvent was pumped awav and the residue was heated 15 
minutes at 100° in a vacuum The residue was stirred well wnth 5 ml of 
water and the mix-ture was filtered The tvTosinc on the filter was washed 
wnth water and alcohol and dned at 90° The 5ueld was 177 rag , winch is a 
jield of 36 percent based on anisalhjdantoin Tlie over-all jncld, based on 
banum carbonate, was 19 per cent 

Vs a check on puntj , anal.vses were carried out on a sample of tvrosine 
prepared in a pilot run bj the same procedure, except that inactive banum 
carbonate was used for prepanng the anisic acid Tlie anah-es showed 

CiHnVO, Calculated C sa CO, 11 0 12, X 7 74 
ISl 03 Found " 5S 15, " C 01, “ 7 70 

“ oS 24, " G 15, “ 7 CO 

Tlie specific activatv of the tvTosine was 152,300 counts per minute per mg 
This IS 0 9 microcune per mg 
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Conditions of Ei pcrnnnil 

Three adult male strain dhn mice \\eie ninrnlalrd hilaf orally nith 
melanosaicoraa S91 ^ AYlicn <lie fumois nere n old, t noli mmiso ^\^^s 

given a single iiijeclion of tyiosmo via Iho lail \oiii d lio tyrosmo uns 
administeicd as a soliUion m phv^iologionl ‘''dino, jiioparod 1)\ dis^.ohing 
29mg of tyiosme 111 0 15 ml of 0 3 n Indioohloin a( id, tlrni adding 0 15 
ml of 0 3 N sodium hydioMtlo and mjocimg llio s »Intif>n piomiillv Mice 
B and C leccivcd 0 09 ml of I his solul ion , Mous • A i .‘oon od onl} 0 07 ml 
because the needle missod Iho vein on tho first ti\ 

The tin ce mice vcie placed in a glass c igo with piovision mad'' foi roll''ct- 
ing their excreta and foi absorbing all Iho (aibm dioxul • o\lril'’d Tlio 
mice were fed a stock did ad hhtium At Iho end of 12 hours, Mouse V was 
removed fiom the cage and killed with nembutal, IMioo It and C were killed 
after 24 and 72 houis, rcspcolivclv 

Each mouse was dissected immodiatoly after death into Iho specimens 
listed in Table I The dissections wcie made ns quantitative as possible 
and no tissue was discarded This makes it po'^siblo to calculate a balance 
between the total amount of radioactivity administered and the amount 
found by assay 


Handling of Specimens 

The fresh tissue specimens were promptlj' dried in a vacuum at GO’ To 
see avhether this drying procedine would drive volatile radioactue com- 
pounds from the tissues, the water wdiich came off was collected and ex- 
amined for radioactmty by slowlj^ vaporizing it m a stream of 0x3 gen and 
passing the gas through a combustion train Tlic amount of activity found 
m the watei was less than 0 01 per cent of the administeiod dose and there- 
fore this IS excluded as an impoitant coirce of ciror 

To measure the radioactivit}'' of the specimens, the}’’ w ere first burned to 
carbon dioxide m an analytical t3fpe combustion tram and the gas was 
absorbed m sodium h3’^droxide (4) 

Organs smaller than 50 mg were burned tn tolo to eliminate the efTect of 
possible mhomogeneity m the distribution of the radioactivity m the tissue 
Larger samples wmre ground up and an amount of tissue (100 to 150 mg ), 
large enough to constitute a considerable fi action of the total, ^Yas burned 

From the sodium caibonate solution obtained, barium carbonate was 
precipitated Wlien the specific activit3'- of the baiium caibonate was 
greater than 0 5 count per minute pei mg , it was counted on an aluminum 
disk undei a bell jar counter wnth a thin mica windoiv (4) The counter 

‘ This tumor was originally obtained from Dr C C Little, Roscoe B Jackson 
Memorial Laboratory, Bar Harbor, Maine 
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used has an over-all efficiency of 7 7 per cent, so that 1 count per minute 
corresponds to 13 disintegrations per mmute All samples measured m 
this way were counted for a length of time sufficient to make the statistical 
error 10 per cent or less Because of the fluctuations to be ex-pected 
between individual animals and because of the exploratory nature of this 
experiment, it was not considered worth while to take the rather consider- 
able extra time necessarj* to obtam count values of higher precision on the 
weaker samples 

Banum carbonate samples neaker than 0 5 count per mmute per mg 
were assa 3 ''ed m an lomzation chamber connected to a Lindemann tj^pe 
electrometer ^ 

The thjTOid and adrenal glands and the gallbladders vere too small to 
furnish enough banum carbonate to work inth convemently, and in these 
cases benzoic acid nas added to the combustion boat as earner The 
dilution introduced by this procedure is immatenal in determining the 
specific activity of the tissue, vhich is alnaj's found bj’ dmdmg the total 
amount of radioactmtj'’ in the banum carbonate obtamed by the weight 
of tissue burned However, the total actunty of these samples was on the 
lower edge of the useful range of the mstrument (10 counts per mmute) 
In addition, there is an error of 10 per cent in weighmg such small organs 
on an analytical balance, and so there is an over-all experimental error of 
about 25 per cent in the values for these organs 

The adrenals and gallbladder of Mouse B and the thjTOids of Mouse C 
deviate from the general turnover trend so stnkmgly that there is no doubt 
that these values contain gross errors in addition to those mentioned aboi e 
Each value for bone is an average from combustions m tnplicate The 
values obtamed vaned by as much as 100 per cent, presumably because of 
differences in amount of adhenng muscle and m amount of cartilage m 
different bones 

Exhaled Carbon Dioxide — Carbon dioxide was collected bj' drawing 
through the cage a current of air which was then passed through a sintered 
glass disk into 1 m sodium h 3 ''dro\ide The absorber was changed at inter- 
vals and the vanous samples of banum carbonate obtamed were examined 
for specific activit 3 '’ and total actmty Since all the animals i.ere kept m 
the same cage, the specific actmt 3 of the banum carbonate represents an 
a\ crage value over the number of mice contnbutmg To get the a\ crage 
total excretion, the total actmt 3 obtained dunng the first 12 hours was 
dmded b 3 3, and during the next 12 hours b 3 2 

* This instrument was constructed bj Dr Clinton D Jannc\ Wc art indcb'cd 
to him and to Mrs Marj Daniels for the ionization chamber measurements 

• Jannej , C D , and Mojer, B J , \ technique for the moasurem"at of carbon 1-5 , 
m preparation 
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Fig 1 shows the specific acliMf 3 of tlie h'lnuni (uiljoirilo plotted against 
time The specific nctivii 3 '’ of each simple is an average value over a time 
interval, to take account of this fad, at least a])pro\im'itelv , eadi time 
value plotted as abscissa was ealcul ited bv div uhiig bv 2 the cl ip^ed lime 
dining an inteivaal and adding it to total tune el'ip''ed ui) to the beginning 
of the interval 

A substantial amount of activ itv- appealed m the e\h vied ( arbon dioxide 
The vei 3 '' rapid initial rise m sjiecilic activ it v , w Im h te u lied a maximum at 
15 houis, suggests that some of the Ivni'^ine was extensivelv degraded 
before it had an oppoitunitv’ to bo incoipoiated into protein Duriim the 
fiist 12 hours, the amount of activ it v exhnhd amounts tvi 10 3 per cent of 
the admmistcicd dose, dm mg the second 12 honi'. 2 0 jiei tent, and during 



Fig 1 Elimination of through the lungs as carbon dioxide 

the succeeding 48 hours 7 4 pci cent Since perfusion expeiimcnts (7, 8) 
have showm lumr to be capable of foimmg acetoacetie acid and carbon 
dioxide from t 3 ’-iosme, this oigaii is piobab^' responsible, m part, for the 
appearance of activat}^ m the breath 

Excreta — The residue m the bottom of the cage, contammg considerable 
food, was washed into a beaker and evmporatcd to dr 3 ness on a steam bath 
From the specific actmt 3 ^ and total weight of this material, the amount of 
activity eliimnated m urine and feces was found to be 41 5 pei cent of the 
administered dose This figure does not impl 3 ’- that nn 3 ’- one of the mice 
excreted this amount, since the three mice were all m the same cage, as 
explained earlier Howevmi, if the shape of the elmimation cuive is similar 
to the shape of the carbon dioxade cuive, as is likely, the individual per- 
centages cannot be different from 41 5 per cent by an amount greater than 
±25 per cent of tins figure 
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In Mice A and B there was unne in the bladder at the time of dissection 
The specific activities of the sohd residues obtained by evaporatmg these 
samples are the ones tabulated m Table I Smce the unne production is 
about 3 ml per day per mouse and the solids content is about 5 per cent, 


Table I 

Specific Aclimty (Counts per Minute per Mg of Dry Tissue) 


Specimen 

Meuse A (21 1 gm ) 
12 hrs 

1 I 

(Mouse B (22 0 gm ) Mouse C (23 0 gia ), 
j 24 hrs j 72 brs 

Adrenals 

29 

5 5* 

1 

1 15 

Bone 

2 62 i 

3 03 

! 1 95 

Brain 

7 13 i 

3 79 

4 86 

Ejes 

■ 5 62 

4 0 

2 7 

Gallbladder | 

28 1 

8‘ 

9 

Heart 

16 6 

13 5 

5 72 

Intestines 

31 9 

21 C 

10 1 

Intestinal contents 

31 9 

26 2 

7 41 

Kidnej s 

28 6 1 

23 9 

15 3 

Liver 

! 20 4 j 

14 6 i 

11 3 

Lungs 

; 13 4 1 

9 82 

6 52 

Lymph nodes 

1 14 9 ' 

' 9 74 

10 9 

Muscle 

[ 5 57 ' 

3 86 

' 2 76 

Pancreas and fat pad 

' 7 48 

9 73 

“ 0 79 

Plasma i 

i 44 0 1 


! 

Red cells | 

1 27 1 


1 

Salivary glands j 

1 1 

12 8 

8 28 

Skint ! 

1 11 1 1 

7 71 

0 66 

Skin and hairf 

4 37 1 

4 82 

4 92 

Spleen 

17 7 

14 5 

9 63 

Stomach and contents i 

16 0 

16 8 

11 2 

Testes 

11 7 

7 33 

7 90 

ThjToids 

39 

14 

: 57* 

Tumor 

24 4 

19 D 

10 5 

Unne ' 

1 60 9 

51 3 



* These -values are probablj m error (see the te-vt) 
t The sample consisted of pieces of skin teased avrav from hair 
J The specific actnitj of this sample has no particular significance because of the 
presence of hair, which has no radioactivaU except at the roots Howcvc', the 
simplest wax to determine the total activitv in the hide was to determine the specific 
nctivnt> of skin plus hair and mulliplv bj the total weight, it would be difficult to 
separate all the skin cleanlv from liair, os would be nccessarv in order to obtain the 
skin weight 

it IS clear that <he unne cannot account for the total imount of iciivitx 
excreted and that the feces carrx a large amount 

Table I shows the specific actmtics of the xanous tissues and 1 iblt II 
shoxvs total actmtics and the count balance .\s an approximate com- 
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pensation for tlie fact that Mouse A rcccncd oiilj 0 07 ml. of tyrosine 
solution, the values obtained foi this mouse, luiie been mulliplicd by 0/7 
to obtain the figuics cntcied in Tables I and IT 

Taiiu. II 


2'otal Aclmti/ (Spcafic Aclnity X Total Waghl of Speamen) 


Specimen 

Mou<c A, j 

12 hrs 

Mtnitcll, j 

2thri 1 

Mou)e C, 

72 hrj 

Adrenals 

oS 1 

1 

ff 5 ' 

15 

Bone 

3,«)00 1 

1,090 

2,110 

Brain 

C03 i 

315 ' 

142 

Eyes 

62 j 

11 

21 

Gallbladder 1 

28 1 

S 

10 

Heart 1 

1,-101 : 

364 

ISO 

Intestines | 

11,1)80 i 

S,13o 1 

1,030 

Intestinal contents I 

1,040 i 

. 6,2 to 

1,530 

Kidneys 

1,000 ' 

1,900 

1,690 

Liver 

G,0G0 ' 

.3,510 

1,250 

Lungs 

334 

2GG i 

189 

Lymph nodes 

293 ! 

105 j 

214 

Muscle ' 

' S,820 

1,G05 1 

2,790 

Pancreas and fat pad j 

2S6 

201 

135 

Plasma* 

' 1,070 

1 


Red cells* 

s 578 



Salivary glands 


121 

1 257 

Skin and hair 

' 1,900 

5,510 

4,780 

Spleen 

422 

520 1 

222 

Stomach and contents 

031 

1 523 1 

519 

Testes 

311 

622 1 

35S 

Thyroids 

i 39 

9 1 

1 29 

Tumor 

9,400 

8,15S ! 

1 5,230 

Urine 

1,5S0 

1,180 I 

) i 

1 

1 

Total 

60,139 

j 48,907 ! 

29,403 

Total activity in carbon dioxide 
" " " cage residue 

157,900 

90,600 

29,400 

48,900 

60,100 

Total recovered, counts per mm 
“ administered, counts per nun 

— ■ 


* From about 0 3 ml of blood 


Inspection ot Table I shows that injected tyi osme goes to cverj'^ pai t of the 
body The latio between the specific activity (counts pei minute pei mg 
of dry weight) of the more active tissues (adrenals, thyroids, and intestines) 
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and the less active (muscle, e3^es) is about 6 for Mouse A and the same for 
Mouse C (Bone and erythrocytes are ignored m this companson because 
of the rather special character of these tissues ) However, no correlation 
is foimd between this ratio and the ratio of turnover times, the specific 
activities of the corresponding tissues of Mouse C range between one-third 
and one-half of those for Mouse A, a difference of less than tv o-fold Con- 
sequently, the specific activities caimot be regarded as a measure of tlie 
intensit}'^ of tjTOsine metabohsm m the vanous organs 

As a matter of general mterest, a gross turnover tune of the admimstered 
radioactmtj' is calculated from the values in Table II for the total amount 
of actmty on Mice A and C at the time of death The tune for tumoi er of 
half the actmtj' is 60 hours This figure, vhich represents mainlj' soft 
tissue turnover, maj' be compared vath the finding (9) that after adminis- 
tration of radiocarbonate bone retains a large part of its initial uptake for 
a penod as long as 3 months From the point of viev of the health question, 
these facts suggest that in low level irradiation from ingested radiocarbon 
bone vall be the limiting tissue v hich mil determine the tolerable dose ' 

In dramng inferences from the vanations in specific actmtj of the 
vanous tissues, it is not unreasonable to suppose that those in vhich the 
activity is relatively high owe this to the fact that thej are ini oh ed in 
catTjnng out some special function in the metabolism of tjTOSine, while 
those which maj" owe their activitj' mereh to the incorporation of tjTOsine 
as such into the tissue proteins will be less actne The fact that all the 
tissues show some actmti' undoubtedly reflects the fact that the latter 
occurrence is common to all of them On the other hand, tissues with 
comparativelj' low actl^^t^ may owe it to more than simple tis=aie building, 
there is no reason why other functions must ncces'^nh be associated with 
any stnking concentration of radioactmtj, for an indi\adual compound 
ma^ be present in high specific actmtj , j'^ct if its amount is 'jmall, the gross 
specific actmtj of the tissue wall not be raised appreciabh In these c ise® 
special function wall be disclosed onlv bv identifjang the chemical com- 
pounds in which radiocarbon is present Differences in ‘•pecific actmt\ 
will also reflect differences in tjTosine content In bone, for instance, a 
fairlj’’ low gross specific actuatj might be expected because of the largi 
mineral content In addition, the presence of blood in the tissues wall 
contribute actnatj 

’ The specific nctiMt\ \alucs listed for bone in Table I indicate tlmt the half trn 
for turnover of the nctnati is onlj a fen dais Honeicr, it has been m''ntion'>d 
earlier that duplicate actnat\ measurement' on bone sample' pa\c \nlu''= i^hich 
\nried b\ as much as 100 per cent Because of the magnitude of this \ari"tioa, fh'' 
authors do not feel that their data for bone acti\ itt arc a reliable measure of turro\ o- 
rate, and that the interpretation of these data should be limited to th" ''atemoTt tha* 
the bone uptake is comparatit clj low 
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DISTniDUTION or OIz-T^nOSIM, 


Despite Uiesc limitations, tlicie aie a nnmlK'i of tissues uhnse specific 
activities aie liiyli enonfj;li to cill foi M)ine commi nt In oukr to define 
them as a gioiip, tian will lx* aihilriiilv dcsignatetl as tlios^ winch in 
Mouse A iiobsosb a sjiei ifu a(ll\l(^ giealci than Ihw e Imii s that of muscle, 
01 17 counts pel minute jiei mg 'Dk' gioup then (omfiris's the ndrennh, 
thyioids, intestines, kidiKWs, h\ei, gallhlnddei, plasm i, sjilet n, and tumor 
Inksluics — The appeat.uiee of a huge amount of r.ulio i( tn it y in the 
feces lends mteiest to the (luding of high spec die n( tnitj in the intestinal 
w'alls It IS known that the intestine is ai tne in protein anabolism (10), 
the laigc fecal e\ei el ion suggest scat ibohsm too IIoue\er, the bile repre- 
sents anothei palliwaj b\ whidi l)i,-t\ losiiie metabolites i ouUl enter the 
feces, and the high activit's of the li\ei and gnllbladdia rociuiies that this 
posblblht^ be gneii equal coiisidei ition 

Achenal Glamh — The theor\ that t\iosine is a piecursor of epinephrine 
has been enteitained foi a long time The foimation m vivo of epinephrine 
fiom phenjdalanine, wliuli is known to be (on\eitible into Drosiric, has 
recentl}'’ been eontiimed (11) It is likel> that the high netnitj of the 
' glands IS associated with then function in s\ nthc‘?i/ing this hormone 

Thyioul Glands — The high specific actnitj of these glands is consistent 
with the known facts conccining tlnroxinc s_\mthesis 

Tumor — The appearance of high spcdfie aetnitj in the tumor is in line 
wath the lapidly glowing chaiactor of this tissue Whether or how much 
activit}'- IS due to melanin is diffieult to judge The extra actnity of the 
tissue IS not gieat enough to Justlf^ mtcipietation m term'’ of melanin for- 
mation One clear conclusion is that ^-labeled tyiosine by itself offers no 
piomise as a theiapcutic agent against melanoma 

Plasma — The fact that the plasma solids ha\o a highci specific actnitj 
than most tissues is consistent with the concept (12) that plasma protein 
may be an intcimediate souicc from which manj’’ tissues build their indi- 
vidual proteins However, the quantitative relationships arc distorted 
by the fact that non-protein constituents of the tissues will dilute the pro- 
tein and lower the gioss specific activity, while the plasma solids consist 
mostly of piotein 

Erylhrocyles — The low' activity of the ciytluocytes is interesting to con- 
sider in compaiison wath the finding (13) that there is no appreciable sjti- 
thesis of desox jaibonucleic acid in raatuie ci 3 ’-throc'\ tes, the low uptake of 
methionine (14), and the low'^ uptake found in the tracer woik of Schoen- 
heimer and associates wath nitrogen and deuteiium The activity found 
in oui study maj^ be entnely due to erythiocytes formed subsequent to 
tyrosine administration 

It IS a pleasuie foi the authors to express their appreciation to Professor 
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Melvin Cahon and Professor John H Lawrence for their interest and ad- 
vice in this work 


smniART 

1 The sjTithesis of DL-tjTosine labeled \nth C* in the jS position is 
descnbed 

2 The distnbution of radioactmtj following intra\ enous administration 
of DL-radiotjTOsme to mice beanng melanosarcoma has been in\ estigatcd 

3 At 72 hours, about 30 per cent of the admmistered dose has appeared 
in the breath, about 40 per cent in the unne and feces, vnth 30 per cent 
remammg in the bod}’- 

4 Radioactivity is found m eierj' tissue of the bod}- The adrenals, 
thyroids, intestines, kidnej'S, bver, plasma, spleen, and tumor shov the 
lughest specific actmties Erythrocides are lovest, vnth bone next 

5 In this species, the total actmtj m the body diminishes bj half dunng 
the 60 hour penod between the 12th and 72nd hour after admmistration of 
radiotyrosme 
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THE CHEMICAL STRUCTURE OF PHOSPHATIDYL SERINE 
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Phosphatidyl senne is the name given to a phosphatide which has been 
isolated from bram (1, 2) This paper reports work according to which 
the chemical structure of phosphatidyl senne, prepared bj the method 
desenbed, corresponds to one of the two accompanjung formulas in which 
the position of the fatty acids and phosphorjl radicals is arbitrarj’-, since 
there is as 3 ’'et no reliable w’ay of ascertaimng whether glj cerophosphonc 
acid in phosphatides belongs to the a or the /S form (3) 'fhe name of 
phosphatidyl senne w'as chosen because this compound appears to be an 
ester of senne and a phosphatidic acid (4) 

HjC— 0— CO— C„H, 

I 

HC— 0— CO— C,7H« 

i 

H,C— 0— PO— 0— CH— -CH— COOH 

1 ! 

OH NH, 

ar-Pho3phatidyl senne 

HiC — 0 — CO — CnHja 

I 

HC— O PO— 0— CHr-CH— COOH 

1 1 

OH \H, 

H.C— 0— CO— CkHi, 

P-Phospbitidi 1 Ecnnc 

The postulated formula is based on the following fact= (1) Chemical 
aualjses of phosphatidj 1 senne (freed of base) for C, H, X, P, carbovjl N, 
NH;-N, and fatt 3 '’ acids agree \er 3 * closel 3 with the theoretical \aluc'' 
calculated from the postulated formula (2) Gh cerophosphonc acid 
li-scrme, and fatt 3 acids ba\ e been isolated as clca\ age pro<luct« of phos- 
phatid 3 1 senne m molecular proportions approximateh 112 (3) Phos- 

phatid 3 l senne reacts wath ninhadnn (5) and wath HNO. (G) in the same 
wa 3 as an a-amino acid Tins ‘^hows that both the — COOH and the 
— NH; groups of senne arc free in the mtact molecule of pho=phatid\ 1 =cnne 

•Present address, McLean Hospital, TVaterlej, Massaebusetts 
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I’lIOSPIIATIDM. SLllINn 


On the othci hand, phosphatidyl serine docs not react ^\ltll JIIO 4 Since 
IIIOi IS laiown to leact A\ilh compounds ^\lth a — CII(NII:)— CII(OII)— 
gioup, and specifically nilh serine (7), the fad lhal pho^phatidjl 
seiine docs not react ^\lth IIIO^ is (ondusne eviflcnc(‘ that either its 
— on 01 its — NII 2 giou]) IS (oinl)ined And smee its ■ — Nil: group is 
shown to be fiee both h's the nmlodim (5) and the UNO; reaction (G), it 
IS obvious that the — Oil group is combined (-I) I'lom the postulated 
foimula, phosphatidyl seiinc exhibits one fiee basic group, namely the 
— Nil: gioiip, and two acidic gioups, namelj the — COOII group of senne 
and one gioup fiom phosphonc acid This should gi\c a stronglj acidic 
compound that would bind 1 cciuivalent of base at the physiological pll 
That this IS the ease is shown by the fact that ]ihos]ihati(h 1 serine, isolated 
from biam by the use of ncutial sohents and ficcd of water-soluble im- 
puiities by’^ dialysis, contains K and Na, and that the ratio (equnalcnce 
of base)/(atoms of P) is 1 00 That these bases arc combined with 
phosphatidyd seimc m a salt-hkc combination is shown by' the fact that 
they can be icmovcd by' treatment with 0 03 x IICl, base-free phosphatidyl 
seiine being thereby obtained Fiom the fiee acid the original phos- 
phatidyd seimc K-Na salt can be prcpaicd by the addition of the amount 
of base theoretically lequiicd 

Seune has been isolated as seiine p-hy dro\y a/obcnrcnc-p-sulfonatc (8) 
It accounts for 80 7 pci cent of the carboxyl N present in the starting 
material Fiom it L-sciine has been rcco\cicd in a y'lcld that accounts 
for 73 5 per cent of senne picsent m phosphatidyd senne, according to 
the postulated foimula The impure barium glycerophosphate obtained 
accoimts foi 81 pci cent of P in stalling matciial, and the analytically 
pure barium glyceiophosphate for GO per cent of the original constituent P 

Estimation of fatty acid gives for phosphatidy 1 senne a (moles of fatty 
acid)/ (atoms of P) latio of 2 00 The neutral equivalent found for the 
fatty acids w as 283, wdnch is the theoietical value for an equimolai mixture 
of oleic and steal ic acids By the lead precipitation method, phosphatidyd 
senne fatty acids weie divided equally between satuiatcd and unsaturated 
acids Fiom the foimer, pine stearic acid has been obtained The 
amount obtained accounts for 69 per cent of the amount picsent in phos- 
phatidyl senne, according to the postulated foimula The unsatuiated 
fatty acid fi action appeals to be mostly oleic acid, although attempts to 
obtain this acid in puie form have failed so fai 

The iodine numbei calculated from the postulated foimula is 31 5 
The lodme number found varied betw'een different pieparations, langmg 
from 33 0 to 40 This discrepancy can be explained, at least in part, by 
the fact that our piepaiations were only betw'een 92 and 97 pei cent pure 
(as evaluated by their (carboxyl N ratio) /(total N)) and that the mam 
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contaminant appeared to be phosphatidyl ethanolamme, which has a 
higher lodme number than phosphatidyl senne (2) 

It must be emphasized that this paper deals onl> with phosphatidjl 
serme isolated by the method descnbed It accounts for about 60 per 
cent of all the hpide carboxyl N from brain However, the possible 
existence of phosphatidjd senne hanng fattj' acids other than steanc 
and oleic acids as constituents must be kept m mind From another 
fraction isolated from brain cephahn, to which the name of inositol phos- 
phatide was given for descnptive purposes (2), other preparations of 
phosphatidyl senne have been isolated, incidental to the isolation of 
diphosphoinositide (9) These phosphatidyl senne preparations are found 
to contain Na instead of K as the most abundant inorganic base 

EXPERIMENTAL 

Analyhcal Methods — Manometnc methods were routinely used for the 
estimation of C (10), P (11), N (12), and carboxjl N (5) Carbox 3 ’’l Is 
analysis on phosphatidyl senne gives better results when 1 cc of water is 
added to the w eighed dri' matenal and the sample allow ed to stand for a 
few minutes with occasional gentle shaking, so as to allow it to form an 
emulsion In the case of base-free phosphatidyl senne, 1 or 2 drops of 
0 1 N NaOH are added to facihtate emulsification 13 minutes in the 
boihng water bath are allowed for reaction with ninh 5 ’^dnn, this length 
of time having been found to jneld good checks between parallel esti- 
mations In the later stages of work P has been estimated bj Sperrj'’s 
method (13), lodme numbers bv Yasuda’s method (14), and banum b 3 " 
weighing it as BaSOi NHj-N was estimated manometncallj on acid 
h 3 ’^droIj’-sates, as descnbed elsewhere (2), to elunmate mterfercnce from 
unsaturated fatty acids (15) K was estimated as potassium phospho- 
tungstate (16), and Na as sodium uran 3 1 zinc acetate b 3 ' a nucrogranmctnc 
modification of the method of Saht (17) Ca and iMg were estimated b 3 
standard methods (IS), modified to suit the t 3 'pe of matenal dealt with 

In cases in which elemcntar) composition has been used for identification 
of compounds or in whicli lalucs are recorded as cMdence, C and II were 
estimated b^ dr 3 combustion,* lead chromate being used in compounds 
that had base, N b 3 the Dumas method, and P granmelricalK as am- 
monium phosphomol 3 bdate It has been found that C v alucs bx the 
wet combustion manometne method of Van Shke and Polch (10) agreed 
with those obtained bv drv combustion 

Glycerol was estimated Iw the Bh\ method (19), which has been found 
to give rccovcncs of onh 95 to 96 per cent when tested with standard 
gl 3 'cerol, or gh cerophosphate «ohition« 

’ tnaljses run b\ Dr E 33 Elet 
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PnOSPHATIDlL BERINB 


Preparation and Piopolics of Phosphatidyl Serine 

Phosphatidyl serine is prepaicd from brain ccphalm by the cliloroform- 
alcohol method of fiactionation, ficcd of water-soluble impurities by 
dialysis, and lyophilizcd as descubed elsewhere (2) Usually this method 
yields piepaiations of 85 to 00 per cent purity , t c , between 85 and 00 per 
cent of the nitrogen present is carboxyl N When the percentage of total 
N as carboxyl N is less than the staled percentage, it is easy to bring it 
up to tlus level by the following proccduic. 

1 gra of the pieparation under studj'' is dissolved in 10 cc of chloroform, 
and 1G5 cc of absolute ctlijd alcohol me added to the solution A tur- 
bidity develops, and on standing oi by centrifugation the s} stem resolves 
itself into an undcilying viscous la 3 '^ci and a clear supernatant solution 
The clear supernatant solution is decanted, and to it arc added 30 cc of 
absolute ethyl alcohol A piccipitalc separates which is collected and 
dried On analj^sis it is found to contain carbox} 1 N at a higher concentra- 
tion than the mothci substance In a topical ease, bj' this procedure the 
following fi actions have been obtained from 22 G gm of a jircparation 
containing 1 25 pei cent carbox-jd N (1) recovered from the viscous 
undei lying layci, 7 4 gm of material containing 1 29 pci cent carboxyl N, 
(2) the precipitate collected from the supernatant solution, 1 1 7 gm of 
matenal containing 1 43 per cent carboxyl N, (3) iccovcrcd from the 
supernatant solution (2), 3 2 gm of matenal containing 0 35 per cent 
carboxyl N 

We have been unable to obtain consistently phosphatidjl senne hanng 
more than 92 per cent of its N as carboxyl N Occasional!}', preparations 
have been obtained showing concentrations of carboxj 1 N as high as 97 per 
cent of the total N The main contaminant appears to be phosphatidyl 
ethanolamine, as is sliowm by the fact that all N present is NH;-N In 
search of the natuie of other contaminants phosphatidj'l senne was found 
to be essentially fiee of cerebrosides (carboh 3 'drates <0 1 per cent), 
lecithin, oi sphingomyehn (chohne <0 1 per cent) and cholesterol (<01 
per cent) 

Phosphatidyl senne is obtained as a loose w'hite powder On being 
dissolved m oiganic solvents and recov'ered from solution, it acquires a 
light tan color After lyophihzation, phosphatid}'! senne keeps fairl}' 
well if stoied in vacuo m the daik Under these conditions it retains a 
certain amount of water For instance, 401 75 mg of phosphatid}'! 
serine that has reached constant w'eight in vacuo over CaCh at room 
temperature show a loss of w'eight of 6 65 mg (t e , 1 05 per cent) on being 
heated m a vacuum at 80° to constant w'eight Restored to former condi- 
tions (i e , in a vacuum at room temperature), it regains its fonner weight 
withm 48 hours 
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Phosphatidyl senne as freely soluble m chloroform, ethyl ether, and 
petroleum ether, and msoluble m ethyl alcohol, methjl alcohol, or acetone 
On standing m contact vnth water, it forms an emulsion These emulsions 
are very stable and an 8 per cent emulsion of phosphatidjl serme will 
stand centrifugation at 4000 n p m for an indefimte penod of time 
Bases Combined vnih Phosphatidyl Senne — ^Phosphatidj 1 serme prepara- 
tions obtamed by the method descnbed are found to contam 1 equivalent 
of morgamc base for each atom of P K is by far the most abundant base 
with a smaller amount of Na, but neither Ca nor Mg is present Detailed 
results on this pomt are given m Table I for the two preparations Studies 
carried out on cephalm preparations (20) (presumably con tainin g about 


Table I 

Analysts of Two Preparaltons of Brain Phosphatidyl Senne 


Cotoponents j 

Prepiratton 

OcL m 

1 ] 

Calculated for 
BOiHaOoNP* 

Preparattoa 
Sepu lilbU 

Calculi cd for 
BOa-tChiNPt 

i 

ptr url 

ptr cent 1 

P'f cfni 

P reni 

c 

60 8 

61 1 

61 71 ! 

61 50 

H 

9 32 1 

9 59 

9 37 

9 60 

N 

1 65 1 

1 70 

1 65 

1 71 

P 

3 73 

3 76 

3 76 

3 78 

COOH-N 

1 52 

1 70 

1 57 

1 71 

Iodine No 

40 

1 

3S 0 



* B Blands for the cations present Preparation Oct HI contained 3 76 per cent 
K and 0 51 per cent Na, (equivalence of base)/(atom3 of P) = 0 9S The values 
given in this column have been calculated for olej Istcarj Iglj ccrj Iphosphors 1 serme 
corrected for the cations present 

t B stands for the cations present Preparation Sept Illbll contained 2 93 per 
cent of K and 0 99 per cent of Na, (equivalence of baso)/(atoni3 of P) =» 0^3 The 
values given in this column hav e been calculated for olev Istcarj Iglj cerj Iphosphorv I 
serme corrected for the cations present 

50 per cent phosphatidyl serme (21)) have shown that these bases are 
combined in un-ionized form 

Analyses of Phosphalidyl Senne — The results of chemical analysis of 
phosphatidyl senne are given in Table I It is seen that the results ob- 
tained closelj agree mth values calculated for the postulated formula 
corrected in each case for the amount of inorganic bases present m the 
preparation 


Prcparalion of Base-Free Phosphatidyl Senre 

Tlie abibtj of phosphalidvl senne to form fairlv concentrated cmuls'ons 
m v\ atcr depends upon the presence of K or Na combined m its molecule 
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Acidification of the emulfaion icsults in jiiogicfasi^c precipitation of phos- 
phatidyl serine as fiee acid This piociiiifation is (omplete at about 
pH 1 5 (0 05 N HCl) 

The insolubility of the fiee acid in wutci is made use of to jircparc base- 
free phosphatidjd sciine The method is as follow s 
3 gm of phosphatidyl sciine aic emulsified with 150 cc of water and to 
the emulsion aie added 15 cc of n IICI 'I’lie prceiiiitatc that forms is 
centrifuged off and washed once with 0 1 ^ IICI The washed precipitate 
IS tiansfeiied to a cellophane sausage casing and diah/ed against distilled 
w^atei in the ice bo\ foi 3 days, the outside liquid being renewed si\ times 
In the couise of dial 3 'sis some of the piccipitale goes back into emulsion 
Fiom the contents of the dial j sis sack basc-fice phosphatidjl senne is 
obtained eithei bj'’ Ij'ophih/ation or b^' jireciiiitalion with a large excess 
of alcohol (foui to si\ times as much alcohol as watci) In cither case the 
dry substance is taken up in 10 cc of CllCh and 70 cc of acetone arc added 

Taulf II 


Analyst of Tiasc-Frcc Phosjihaltdyl henne 


Component 

rrcpamlion 
Oct 111 

I 

rrenirntion 
Nov III 

Prcpintion 
Sept Illbll 

I'fcporation 
Jan III 

Calculated lor 
C«iUi-OijNP 


per cert 

j per cent 

per cert 

cer 

per eer' 

c 

G3 31 

G3 89 

G3 53 

C3 5 

63 9 

H 

9 92 

9 72 

9 S7 

9 S2 

10 1 

P 

3 S9 

1 3 S3 

3 9G 

1 3 SC 

1 3 92 

N 

1 74 

1 SO 

1 SI 

1 C9 

1 78 

Base 

1 0 

0 5 

0 1 

i 0 ^ 

0 0 

COOH-N 

1 59 

1 

1 G5 

1 cs 

1 

1 59 

1 7S 


to it The precipitate that fonns is collected and dried, 2 3 gm of a light 
tan loose pow'dei bemg obtained After being dried to constant weight 
over CaCh in a vacuum, it still contains about 1 SO pei cent water 
For instance, 255 54 mg of base-free phosphatidyl scime that had reached 
constant weight tn vacuo over CaCh show cd a loss of w eight of 4 64 mg 
(i e , 1 80 pel cent) on bemg heated in a vacuum at 80° to constant w eight 
The dried product, w^hen placed in a vacuum desiccator over CaCl;, re- 
gained its fonner w'eight in 24 houis 
The results of chemical analyses of seveial preparations are given in 
Table II They agiee closely wuth values calculated for oleylstearyl- 
glycerylphosphoryl serine (C 42 H 80 O 10 NP) 

After drying, base-free phosphatidjd serine forms emulsions m winter 
with great difiBculty It is only on addition of the amount of bases (KOH, 
NaOH) reqmred to reform the K or Na salt (1 equivalent of base per atom 
of P) that an aqueous emulsion is easily obtained 
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Effect of Storage on Phosphatidyl Senne 

On storage %n vacuo m the dark at room temperature phosphatidj 1 
senne does not change its elementary composition, but some sort of re- 
arrangement takes place m the molecule, so that the concentration of 
carboxyl N drops sharply NHo-N decreases to a much lesser degree 
The results of analyses on one preparation (Nov III) stored under the 
conditions given above were as follows COOH-N ongmal 1 62 per cent, 
after 3 months 1 39 per cent, after 5 months 1 32 per cent, after 10 months 
1 25 per cent, after 19 months 1 20 per cent, after 26 months 1 14 per cent 
On the other hand, KHr-K, irhich -nas 1 70 per cent ongmally, was 1 37 
per cent after 26 months These changes \\nth storage are much less 
marked m the case of base-free preparations For mstance, base-free 
Preparation Nov III, contaimng onginaUy 1 65 per cent COOH-N and 
1 80 per cent NHj-N as found to contam 1 50 per cent COOH-N and 
1 70 per cent NHi-N after 26 months storage The fact that the NHj-N 
values decrease to a much lesser degree than carboxj 1 N values suggests 
that the — COOH group is mainly mvolved m the observed change 

Storage m a CHCh solution at —72° (dry ice box) appears to be more 
satisfactory Preparations stored this way for 18 months have shown 
no change m composition 

Isolation of v-Senne from Phosphatidyl Senne 

2 25 gm of phosphatidyl serme contaimng 1 42 per cent carboxj 1 N 
< w'ere freed of base bj’ emulsification m water and precipitation of the 
phosphatide by addition of HCl up to 0 1 N concentration The precipitate 
was washed once with 0 1 n HCl and next hjdrolyzed bj’ boihng 6 n HCl 
under reflux for 3 hours After coohng, the hj drolysate was freed of fattj 
acids bj' filtration, and the filtrate was concentrated to 4 cc \olume To 
it were added 800 mg of p-hj droxj azobenzene-p-sulfomc acid, which was 
dissolved bj' heating in the boiling w ater bath Crj stals formed on stand- 
ing overnight in the ice box w ere centrifuged in the cold and w ashed twacc 
with 3 cc of ice-cold water The washed crjstaP were recrj stalhzed 
twace from 4 cc of water 

.\fter drjang at 100° the crj'stals weighed 710 mg On analjsis the\ 
proicd to be senne p-hi droxw azobcnzene-p-sulfonate Tlicj accounted 
for SO 7 per cent of the carboxwl N present in the 'Starting matonal Tlie 
results were as follows 

Cl HitO N" S Calculated C 47 0, H 4 44, carbowl V 3 CC, base 0 Ol 
Found “ 40 7, " 4 Sa, “ " 3 02 “03 

569 mg of this compound were di&rohcd in water, lead acetate was 
added to the solution, the lead salt remoied bj filtration and the filtrate 
freed of traces of 7>-h} droxj azobenzene-p-sulfonic acid with charcoal 
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The filtrate fiom the charcoal was dried, the residue dissolved in 2 cc of 
watei, and 20 cc of alcohol vcie added to the solution Tiie crystals 
foimed on standing ovci night in the ice bo\ weic collected and dissolved 
in 0 5 cc of watci , and 10 cc of alcohol vcic added to the solution After 
standing oveinighi m the ice bo\, the crystals that formed vcrc collected, 
diied, and analyzed 

The ciysials weighed 142 mg On analysis thej' piovcd to be i/-senne, 
and accounted foi 91 pci cent of the sciinc piescnt in the sciinc p-hjdroxy- 
azobenzcne-p-sulfonatc oi 73 0 pci cent of the caibovjl N piescnt in the 
stalling phosphatidyl sciinc The icsiilts vorc ns follows 

CsII;0:N Calculated C 31 2, If 0 07, N 13 32, carboxyl N 13 32 

Found (corrected " 31 15, " 0 55, “ 1 5 22, " " 13 22 

for 0 95% base) 

Rotation — A solution m 1 n IICl containing 47 mg of crystals per cc 
show'ed in a 1 dm tube a rotation of +0 07° with sodium light, = 
14 3° Fischer and Jacobs give +14 5° (22) 

Isolation of Glyccrophosphonc Acid fiom Phosphatidyl Senne 

3 35 gm of phosphatidyl serine (Preparation hlay III-41) were emul- 
sified in 150 cc of II 2 O, and 15 cc of n IICl wcic added to the emulsion 
The lesulting piccipitate w as ccntiifugcd, w ashed once w ith 0 1 n HCl, and 
then hydrolyzed with 6 n HCl for 100 minutes in the boiling water bath 
After cooling, the hydrolysate was filteicd and the filtiatc evaporated to 
dryness in a vacuum The diy residue was taken up in 50 cc of water 
and the solution treated with 1 gm of Ag^O after the addition of 0 5 cc 
of concentiated acetic acid The piccipitate was filtered off and the silver 
wms removed ivith hydiogen sulfide The silvci sulfide was filtered off, 
aftei which the filtrate w^as evapoiated to di^mess The residue was 
dissolved in 30 cc of II 2 O and brought to pH 10 by the addition of 12 cc 
of satuiated Ba(OH )2 The precipitate that separated was centrifuged 
off and washed twnce w ith water To the clear solution an equal volume 
of alcohol was added and the precipitate that separated was centrifuged 
off and washed once with 50 per cent alcohol and dried in a vacuum at 
142° to constant weight It weighed 831 2 mg On analysis it w as found 
to contain 111 per cent P, 32 5 per cent glycerol, 32 76 pei cent Ba, and 
0 2 per cent N It accounted for 81 per cent of the P present in the starting 
material It appeared to be barium gl 3 '’cerophosphate mi\ed with acid 
baiium glycerophosphate 

Four precipitations from water solution, by addition of an equal amount 
of alcohol, brought the nitrogen concentiation down to 0 03 per cent 
Fmally, the Ba salt was dissolved m 50 cc of H 2 O, the solution was made 
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Btrongly alkaline by addition of 10 cc of saturated aqueous Ba(OH )5 
solution, and an equal volume of alcohol added to it The alcohol-msoluble 
precipitate was centnfuged, washed twuce with cold 50 per cent alcohol, 
dried, redissolved m 30 cc of water, and CO 2 bubbled through the solution 
A shght precipitate was removed by centrifugation and to the supernatant 
was added an equal volume of methyl alcohol The precipitate that 
formed was centnfuged, washed mth 50 per cent methyl alcohol, and 
dned to constant weight at 142° 

575 mg of matenal were thus obtamed On analysis it proi ed to be 
Ba glycerophosphate The analytical results v ere as follow s 

CjHjOeP Ba Calculated C 11 73, P 10 1, Ba 44 5, gljcerol 29 3 

Found “ 11 69, “ 10 05, “ 44 6, “ 28 7 

Eslimahon of Fatly Acids 

Phosphatidyl senne was sapomfied with 8 per cent alcoholic NaOH by 
refluxing for 4 hours After coohng, the solution was nearl}' neutralized 
with hydrochlonc acid and concentrated to dryness in vacuo The residue 
was acidified ivith n HCl and the fatty acids were extracted with four 
successive portions of ether The combined ether extracts were washed 
three times wnth equal volumes of w ater, and the w ashed ethereal extract 
was evaporated to dryness By this method, sapomfication appeared to 
be complete in 4 hours, the same results bemg obtamed for penods of 
sapomfication of 4 and 8 hours 

A number of preparations w'ere thus ana^'zed The purest ones (con- 
taimng 97 per cent of total N as COOH-N) yielded 68 G per cent of the 
weight of the starting matenal as fatty acids, neutral equivalent 283, 
(moles of fatty acid)/ (atoms of P) = 200 The theorj for the K salt of 
phosphatidyl senne assumed to contain oleic and steanc acid radicals is 
68 8 per cent of the starting matenal as fatty acids and the neutral cqun a- 
lent for an equimolar nuxtUre of oleic and steanc acids is 283 Preparations 
of lesser purity yielded fatty acids of higher neutral equiialent (up to 291) 

Isolation of Component Fatly Acids — 1 gm of phosphatidjl senne were 
emulsified in 300 cc of H;0, and 25 cc of 19 2 K NaOH were added to the 
emulsion The solution was immersed in a boiling water bath for 0 
hours After cooling, the solution was acidified wath HCl to pH 1 5 and 
allow'ed to stand overnight in the ice box Tlie next morning it was 
extracted four times in succession wath an equal \olume of ether each 
time The ethereal extracts were combined and washed twice wath an 
equal volume of water, after which the solution was c%aporatcd to drxaic= 
The residue weighed 2 7 gm 

The faltj" acids were separated into saturated and unsaturated rcid= b\ 
the method of Twitchell (23) as follows The residue w as dissoh ed in SO cc 
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of alcohol in a 100 cc centrifuge tube immcrEf'd m a i\atcr bath at 75°, and 
to the hot solution wcic added in sucrcssion 0 5 cc of acetic acid and 7 cc 
of a 25 per cent aqueous neutial lead acetafe solution A small amount 
of piecipitate settled to the bottom 'J’lie clcai supcrnalant solution uas 
tiansfeiied to anothci centiifugc tube in the same bath and then tlie liath 
was allowed to cool Nc\t moining the tlcai su]ieinnlanl nns decanted 
and the piecipitate as as ss ashed with alcohol 'J'lu' combined washing 
and supernatant solutions sseie evapoiatod to dr^nc'-s 4 he residue ssas 
dissolved m 30 cc of ethci and the ctheieul solution allowed to stand over- 
night in the ice bo\ The small amount of jiiecqntalc formed was 
filteied off and discaidcd The filtiate was evaporated to dnness and 
the lesidue dissolved in 10 cc of methyl alcohol, aftei winch tiic lead was 
lemoved wnth hydrogen sulfide The filtrate fiom the h'ad sulfide was 
evapoiated to diyness The lesidiie was an oil nliieh tontained some 
wdnte ciystals It weighed 1250 mg 

The oily lesidue was tieatcd with 30 cc of pcli oleum ether Most of it 
w'ent into solution ^Vftei standing ovciniglit in the ice l)o\, the iictrolcum 
ether solution was filteied and the filtrate c\apoiated to dijncss The 
lesidue w'as a cleai oily liquid and weighed 1 100 mg Tlic neutral equna- 
lent was 283 and the iodine numbci 87 0 It appealed to be shghtlj 
impure oleic acid Attempts to isolate nnalvlicallv pure oleic acid from 
it have failed The amount of impinc oleic acid obtained amounted to 
79 5 per cent of the amount piescnt in the stalling mntenal, according to 
the postulated foimula 

The alcohol-insoluble lead soaps weie lejiiecipitatcd from GO cc of hot 
alcohol (to AAhich 0 5 cc of acetic acid had been added), the solution being 
allow^ed to cool over a pciiod of 2 houis ^Vftei standing o\ ci night at loom 
temperature, the piecipitate foimed was collected by centnfugation and 
wmshed with 95 per cent alcohol 

After drying in a vacuum, the lead soaps wcic tiansfeiied to a separator}" 
funnel with ether and the ethereal suspension w ashed w ith dilute nitric acid 
and then four times with watei, aftci which the etheieal solution was 
evapoiated to dryness The lesidue wms a ciystallinc mass which weighed 
1100 mg, mp 65° Neutral equivalent 279, iodine value <10 It wms 
assumed that the matenal wms impiiie steal ic acid The lesidue was 
dissolved in 80 cc of hot alcohol On cooling, a small amount of precipitate 
separated which w"as filtered off and the filtiate evapoiated to dr}Tiess, 
aftei which the residue w"as dissolved in 40 cc of hot alcohol On cooling, 
a small piecipitate foimed The solution was filteied, evapoiated to 
diyness, and the residue dissolved in hot alcohol No precipitate formed 
on cooling The solution wms evapoiated to di-jmess 
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The crystalline residue -weighed 950 mg On analysis it proved to be 
pure steanc acid The results -were as follows 

CisHatOj Calculated C 76 0, H 12 72, Base 

Found " 75 S, " 12 65, "01 

M p 69 3°, mixed m p with steanc acid, 69 3°, neutral eqm\alent 284 0 
The amount of pure steanc acid obtamed represents 69 per cent of the 
amount present m the startmg matenal, accordmg to the postulated 
formula 


SUMMARY 

1 A method is descnbed for the isolation of phospbatid}’! senne of at 
least 92 per cent punty 

2 As cleavage products, glycerophosphonc acid, n-serme, and fatty 
acids have been isolated m molecular proportions of 1 1 2 Fatty acids 
present appear to be mainly steanc acid and oleic acid 

3 Phosphatidyl senne reacts with HNO 2 and ninhjdnn as an a-amino 
acid, which shows that both the — COOH and the — groups are free 
It does not react with HI 04 , which shows that either its — or its 
— OH group IS combmed Therefore, it appears that the combination of 
senne in the phosphatidyl senne molecule is through its — OH group 

4 It IS concluded that the structure of phosphatidyl senne is that of 
stearyloleylglycerylphosphorjd senne The results of anal}ses are found 
to agree with the values calculated from the postulated formula 

5 As isolated by neutral solvents, phosphatidj 1 senne is obtained as a 
K and Na (the former being the most abundant) salt, (eqim alence of base) /- 
(atoms of P) = 1 00 The inorgamc cations can be remo\ ed by treatment 
mth 0 1 N HCl 

6 Phosphatidsd senne studied in this paper represents GO per cent of 
total hpide carboxjd N in brain Other preparations of phosphatidyl 
senne can be obtained in which Na is the most abundant base 
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BACTERBIETRIC STUDIES 


I FACTORS AFFECTING THE PRECISION OF B \CTERL\L GROWTH 
RESPONSES \ND THEIR MEASUREMENT* 

Bt GERRIT TOENNIES AJ.D DOROTHY LEAF GALLAxNT 

{From the Larikenau Hospital Research Institute and The Institute for 
Cancer Research, Philadelphia) 

(Received for pubhcatiou, December 22, 1947) 

The accuracy of bactenological amino acid determinations is generall3 
considered to be of the order of magmtude of 10 per cent and attainment of 
optimal results often depends upon the statistical effect of large numbers of 
indmdual exiienments Bj'’ contrast, the order of magmtude of the ac- 
curacy of specific chemical methods of analj'sis is greater bj a povs er of 10 
and adequate results are obtamed from duphcate or tnphcate determina- 
tions As long as feii data are available concerning the role of the manj 
vanables -nhich affect microbiological analysis, the presumption that 
biological factors represent the dommatmg sources of error remains unv en- 
fied The present paper lecords results of a studj' of v anous factors w hich 
affect precision and reproducibiht5’’ of quantitativ e measurements of groii th 
responses of Streptococcus faecahs (Amencan T^iie Culture Collection Xo 
9790) 

Medium — Imtially, the medium and method Mere those of Stokes cl al 
(2) Subsequentlj’’ photoelectnc turbidimetrj ii as adopted as the method 
of measurement because, among other reasons, it removes the limitations 
on the buffenng capacity of the medium imposed bj the acidimetnc method 
The endeavor to mcrease the range of linear response to merements of the 
limiting nutnent bj’’ minimi zing changes of pH dunng grov th and con- 
siderations regarding completeness* of the medium in terms of grow th fac- 

* Aided bj a grant from Mrs L Elizabeth Nnv Reported in part before the 
Amencan Society of Biological Chemists, Chicago, Maj , 1947 (1) 

* For present purposes a medium is termed complete with regard to a growth factor 
if its effective level is not changed bj the addition of the material to bo ''nahred 
When a medium IS readj forstenlization and inocu'ation after its component ^ olumes 
have been combined in the individual culture tubes it is ofmshcd medium If it is 
prepared in bulk and placed into culture tubes in a single operation, it mav bo calkd 
a prepared medium Media which, for analjtical purpoees or other reason', cont-in 
certain components in submavimal amounts will be designated as hmted media and 
iccordinglj a specific medium which contains all of its components in maMW''! 
imounts IS called a non limited medium The term basal medium aderjuatclv identi- 
fies the form in which a medium (usuallj limited) is made in bulk i c , usualU a* 
twice the concentration of the finished medium 
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tors led to the adoption of tlic piovisional modified mednim'’ shown in Table 
I This medium diflcis fiom tliut of Slokcs rt 0 / (2) as follows. The glu- 
cose content is nici eased from 1 00 to 2 00 jiei ( cut, the 0 0000 m pota^^siiim 
phosphate buffci of pH G 7 is icplnied l)> 0 3 m sodium jihosplmlc and, to 
satisfy potassium lequiicments (3), OOOo m pota^^snim phosphate buffer 
of pll 0 5, adenine, guanine, and uiaril aio icjdaccd by a hydroljsate of 

Tahi.i I 

Compotilioti of Modified Huffend Medium 


Conjtituenl AmounH per culture lube (10 cc ) 


1 

1 nw 

nr 

Glucose 

1 

1 : 

200 

NaH.POc II-O 

1 0 ") 

2G0 4 

NadIPOc j 

1 O') 

in 1 

Sodium acetate (anh 3 drous) 


CO 0 

(NHil.-SOi 


G 00 

DL-Glutamic acid 


C 00 

KHjPO, 

0 0125 

1 42 

K-HPOi 

0 0175 

.1 05 

Yeast nucleic acid -f 10% thjmiiic, hjdrohzed* 


2 20 

MgS04 TH-O 

1 

2 00 

Glycine 

i 

2 00 

Alanine, aspartic acid, isolcucinc, leucine, methionine, 
phenj'lalanine, serine, threonine, \alinc (all ni.) 


2 00 (each) 

Arginine, cjstine, histidine, hjdro\jproliiic, prolinc, 
tr 3 ptophan, t 3 rosinc (all n) 


2 00 " 

1 .-L 3 sine 


1 00 

NaCI, FcSO« 7HsO, MnSO« 411-0 


0 100 (each) 

L-Asparagine, L-glutaminc 


0 050 " 

Nicotinamide 


0 010 

Pyrido\amine 


0 0010 

Pantothenic acid, riboflavin, thiamine In drochloridc 


0 0020 (each) 

p-Aminobcnzoic acid 


0 00040 

Biotin 


0 000050 

Pteroylglutamic acid 


0 000020 


* 500 mg of yeast nucleic acid (Schwarz Laboratories) and 50 mg of thjminc are 
digested ivith 5 cc of 3 n IICl for C hours at 120° in a sealed tube The dark filtrate 
18 made up to 50 cc 0 2cc of this solution is used for each 10 cc of finished medium 


yeast nucleic acid and thymine (as a substitute for not leadily atailable 
thymonucleic acid), norleucine is omitted because it is appaiently not a 
protein component (4), but may, on the other hand, act as a metabolic 
competitor of methionme (5), glutamic acid is increased from 2 to 6 mg 

2 Characterization of this medium in terms of analytical results will be the subject 
of another paper 
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because it appears to ha\ e a favorable effect on generation time (6) , biotin 
13 mcreased tventy-fiie times because iiigh^' diluted solutions v ere found 
to be extremely unstable and because 0 002 y seemed to be less than tv ice 
the amount required for mavunal growth under oui conditions, ammonium 
sulfate, asparagme and glutamme, and the change from nicotinic acid to 
nicotinamide are introduced as potential improx ements in the light of re- 
cent developments (7) 

Sterihzalwn — An ex^penmental exmluation of the average precision of a 
single determination (titration of a single tube), when made according to 
Stokes et al (2), show ed a standard denation of 5 to 6 per cent, so that sei en 



Fic 1 Sterilizing time and acid formation Sc\en sets of four tubes, containing 
10 cc of a prepared non limited Stokes’ medium, were separateh sterilized at 15 
pounds steam pressure for periods ranging from 3 to 20 minutes Vftcr inoculation 
of two tubes of each set, all were incubated (37-35°) and titrated 

to ten determinations would be required to peld, for a single point, an 
average \ alue with a standard error of ±2 per cent 
Fig 1 summanzes the results of an expenment which shows that bat tonal 
grow th, as reflected m net acid production, is adi er«elj affected b\ extended 
heating of the medium, thus suggesting that local \ anations in the mtcn«it\ 
of heat stenhzation maj be causes of low reproducibihU Similar obson a- 
tions ha\e been reported bj Hill and Patton (S) In the procedure finalh 
adopted, as a result of these and other findings, the •=tcam pressure of the 
stcnhzer is kept at 15 to 17 pounds for not more than 21 minutes Ihis 
technique has pro\cd to be completcK adequate, in manx dozens of experi- 
ments, no growth has been observed m unmoculated control tubes 
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The expenmcnlal results sho\Mi in Table TP indienlc that individual von- 
ations m stciihrei aclinn aic not likely to |i;i\r ii'-e lo inoic lhan minor chf- 
feienccsm subsequent gum th vhen (he 2' minute piocedure is employ cd 
Photodccluc M cmw cmcnl — 'J’lnee aspects of the piaetieabilit\ of turbi- 
dimetuc measuiement aic the a\ ailability of a suitable instrument, (ulture 
tubes of umfonn boic, and the possible inteifeience of color \s vill be 
shoun in detail, the photoelecfiic Coloni'in model 11 spoctropliotomctcr 
possesses adequate accuiacv and scnsitnity, and the Coleman nnettc? 


rAiti.i 11 

Effect of Indivtduot Slciilizaltoii’! on Subscqunil Color / orination iind Eartcnnl Growik 



Group A* 

Croup B* 

Croup C* 

Sterilization 

Time required lo reach !.'> Iba 


25 

25 


^ piessurc, cc 




1 

Total time at or abo\e H Iba 

If.'! 


170 


pressure, sec 


} 



Highest pressure reached, /hi 

17i 

18 

isi 


per <?7 in 

1 




Cooling time (return of pressure 



10 


I to 0), vnn 


1 


Incubation (wa- 

Optical donsiti, mean tallies of 


1 ! 

1 

ter bath, 

4 tubes, w ilh standard error 


j i 


37 7°) j 

After 22 hrs , inoculated 

ISl d: 1 

181 ± 1 

182 db 1 

j 

“ 22 “ uninoculntod 

3G i 2 

38 ± 2 

35 db 1 


\flcr 44 hrs , inoculated 

320 ± 2 

322 db 2 

319 ± 1 


“ 41 “ uninoculatcd 

100 ± 1 

lOG ± 1 

! 105 db 5 


Net value of bacterial turbidilj 





22 lir^'. 

115 ± 2 

113 rfc 2 

117 d: 1 


44 “ 

220 ± 4 1 

21G ± 2 

211 ± 5 


* All lubes contained 10 cc of prepared modified medium limited b\ 12 -j of 
threonine Eieh group consisted of eight tubes, four of wliicli were inoeulntod 
t The stenhrer v.as cold in the beginmug 


(19 X 150 mm lound, selected) aie of sufficient unifonnity to peimit their 
use as cultuie tubes vhich can be dnectly lead in the instniment 

Fig 2 shoMs absoiption spectia of a cultuic medium in the piesence and 
absence of a piotem hydiolysate Condensed lesults of an expenment in- 
volving measurements at vaiious nave-lengths and concerned nith the 
effect of steiihzation time and colois upon bacteiial gion th in turbidimetric 
teims aie shown m Table III Tubes containing a piepaied non-hmited 

“ All specfcrophotometiic values are reported in optical densitj units, 1000 X 
log Jo/7 (Jo = intensity of incident light, 7 •= mtensitj of light after passage through 
the medium measured) 
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Fig 2 Absorption spectrum of Stokes’ medium Optical density readings of a 
standard culture tube (10 cc of finished medium) 0,5cc of basal medium (non hm 
ited), after 20 minutes stenlization, D.ace of the same medium and the neutralized 
hjdroljsate of 2 9 mg of tissue protein (selected because among si’c hjdrolj sates it 
had the deepest color), 5 minutes sterilization and 16 hours incubation 


Table III 

Gross and hel Optical Density Values of Bacterial Turbidities under Different 

Conditions 



1 


Stcrilualion 




10 miT) j 

[ 20 imn 


lesEtb 

l 

lBCubaliOD,37-'3S* 




2d3>5 

4 d3>s 

2 days 1 

•t d3}5 

Total reading 

400 i 

13S0 

15S0 

1550 

1740 

Net reading I* 1 

•too 

SIO 

S70 1 

1 069 

709 

.< » 

•too 

910 

1030 

1 7-10 

830 

Total reading 

1 500 

1010 

' 1170 

, 1000 

1230 

Net reading, I 

■ 500 

S50 

1 970 

soo 

900 

“ “ II 

500 

890 

1 1030 

, 850 

. 1090 

Total reading 

, 700 

730 

839 

1 C90 

' 790 

Net reading, I 

700 

690 

1 790 

630 

1 720 

" '■ II 

’ 709 

090 

790 

' 650 

; 750 


* Obtained bj deducting color of non inoculited tubes 
t Obtained bj deducting color of inoculated fub( ifter c( ntnfugation 


Stokes medium were stcnhzod at 15 pounds pressure for 10 and20 minutCi, 
respcctncly, nnd nil e\cept two tubes of cich set were inoculated Tlie 
formation of color during both stenlization and mcubation is e.ident, as is 
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the fact that the bacteria adsorb oi consume some of the color of the med- 
ium, after centrifugation non-moculaled tubes show more color than inocu- 
lated ones However, at 700 m^ and with 10 minutes (or less) of sterili- 
zation, this dilTerence becomes negligible 'riiercforc, readings were 
subsequent!}'' made at 700 m^ and color con eel ion values were obtained 
fiom control tubes w ithout bacterial grow th \ tube containing w atcr was 
used for zeio adjustment and cultmeswere shaken before measurement to 
insure unifonn suspension 

Mecliamcal Factors Affecting Precision of Photometric Reading';— An 
evaluation of the following five fact ois was undertaken' (a) rcproducibilitj 
of individual spcctiophotomclrie readings of transparent media, (b) uni- 
formity of the transmittancy of the glass of the lubes, (c) uniformity of the 

Tahii IV 


Sloti<<liral A7inhi<^n of Mcchamrnl J actor in Pholomclrir Itcadingi 




Medium in opticnl path 

! 

\ ariate mcnured 



1 

SS 

1 

II;0 

1 

Dificrciice lietween 2n(l and 1st 
! determinations for each tube 

0 

=bl s 

2 

21 

CuS 04 

1 « 

1 


1S8 

±1 3 

3 

03 1 

j 

II-O 

Difference bt tween readiiiKs of in- 
dt\idtml tube and mean \nlue of 
all tubes 

0 

±1 5 

4 

59 

CuSO« 

11 

tt 

1S7 

db2 3 

5 

59 

Bacterial suspen- 
sion 

tl 

\ 

tl 

JSG 

i 

±2 9 

6 

59 

CuSO< or bacte- 
rial suspension 

1 

j 

Difference between rcadini;s of 
indiMdual tube witli CuSO< 

1 solution nnd bacterial suspen- | 
1 Sion j 

1S7 

zirl S 


diameter of tubes as determined with a transparent medium or (d) with a 
bacterial suspension, and (c) reproducibilit}'' of readings of a bactenal sus- 
pension The results of the measurements arc summaiized in Table IV 
In these tests the tubes were filled w'lth w'ater, a coppci sulfate solution, or 
a suspension of heat-killed bacteiia 
In the statistical analysis of the results the approvimation formul as give n 
by Daniels (9), involving the use of the term, ZC = ±0 845/(7i-\/ n — 1)) 
have been used The standard error, M, is then equal to ±1 dS/irnSt;, 
and the standard deviation, m, is equal to ±1 48-\/nZCn2y, where ms the 
number of measurements and the sum of the deviations from the mean 
Withm each series, the chstribution of individual values was found to 
approximate closely that to be expected from a normal distribution (m the 
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statistical sense (10)), t e , one-third of the values falls beyond the range of 
dblm, and one-tv entieth exceeds the range of zk.2m The data of Senes 1 
and 2 indicate that in terms of optical density units the error due to instru- 
ment, human factor, and mdnudual tube corresponds to a standard dena- 
tion of less than ±2 Accordmg to Senes 3, vanations in the transmit- 
tancy of the glass of the mdmdual tubes do not exceed the basic reading 
error The results of Senes 4 and 5 shov that vanations m the diameter 
of tubes contnbute a small but defimte additional error Accordmg to 
Senes 5, measurements of bactenal suspensions appear somewhat less pre- 
cise than those of transparent media This is confirmed m Senes 6, vhich 
also shows that tube cahbration x’alues obtamed with copper sulfate are 
vahd for bactenal readmgs 

If one uses a supply of tubes showmg normal distnbution m size (optical 
path) with a standard deviation of approxunatel}' ±0 5 per cent, vanations 
of tube size w ill not, m the average, mtroduce an error appreciably larger 
than that inherent m the spectrophotometnc reading itself 

Ptpelling and Eiaporation — In actual analytical work, a composite vol- 
ume of, usually, 10 cc is measured mto each tube by several pipettmgs 
Sixteen 2 cc portions of w ater, dehvered from different parts of the scale 
of serological pipettes of 5 cc capacity, ax eraged, according to their w eights, 
2 004 cc , with a standard dexnation of ±0 015 cc 

Tx\ elve tubes contaimng growmg 10 cc cultures kept for 24 hours m the 
water bath at 42° (t e sex eral degrees abox^e the usual incubation tempera- 
ture) lost by ex'-aporation 2 13 i 0 34 (s n ) per cent of their xx eight It is 
apparent that these txx o sources of error remain in magnitude below that of 
tube dimensions 

Cleaning of Tubes — In the course of actual assay studies instances x\ ere 
encountered penodically of single tubes being far behind their expected 
turbidity values w hen readmgs w ere taken after 20 hours of incubation or 
earlier In most cases the anomalj had disappeared when additional read- 
ings w ere taken 24 or more hours later -Vs a result of these obserx ations a 
study was made of cleaning methods Waslung x\ith a dilute solution of 
Nacconol (a long chain alkjl ai^l sodium sulfonate detergent) folloxxed bx 
numerous nnsmgs had been the initial practice The folloxx-mg procedure, 
adopted as a result of many cx-penments, has consistentlx prox cd to xoeld a 
dependable supplx of clean tubes Tlie used tubes arc xx ashed with tap 
XX ater, drained, and submerged in cleaning fluid^ and kept on the steam bath 

* V simple method of prepiring this ‘olulion is rs follows Make a hot folutioa of 
equal X'eiphtK of water and codium dirhromate To this solution plaeed in a larpe 
porcelain pot add XMth stirrinp (and prtat care) approMmateh H times it« wcipht 
of concentrated sulfuric acid This solution is u'cd repcatedh until the preen co’o' 
of reduced chromium becomes noticeable 
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overnight After lemoval of the cleaning fluid by thorough rinsings ivith 
tap vater and at least one iinsing vith distilled vatcr, the tubes arc sub 
meiged in distilled vater in covcicd bcakcis and autorla\cd at 15 pounds 
pressure for 20 minutes 

Incuhalion Tcm-pcralw c, An Jncuhalor versus ll'o/cr Jla(h — The tempera- 
tuie dependence of the glo^s th rate of the organism uspd has been made the 
object of a sepaiate investigation, begun after comiiletion of the expen- 
ments heie dcsciibcd In accoidance vith prc\ ailing praiticc an incuba- 
tion tempeiatuie of approximately 37-38° has been U'-cd throughout the 
present voik Ilowcvei, vhen it appealed that, in the iniubator used (a 
Hearson anhydric electric of 20 X 20 X 2 1 inches inside dimensions), rea- 
sonable tempeiatuie unifonnity, ns mcasuicd in tenns of bacterial grovth, 
exists only vithm a narrov space, a comparison vas made of three different 
facilities S3'^stcm A, the Ilearson incubatoi, vith the shelf placed at med- 
ium height, occupied bj six viie lacks, cadi of an area of 10* X 4^ inches, 
providing a total of 240 test-tube spaces, S\slcm B, a modem incubator 
vith forced an cii dilation pioMdcd bj' a twin blowci sjstcm (three of the 
40 tube racks were placed on the top and three similar lacks on the bottom 
shelf), and System C, a constant temperature water bath assembled m the 
laboratory This bath consists of a 30 X 13 X 10 inch aquanum tank and 
the requisite accessories a high sjiced electrical stirrer, a 500 watt immer- 
sion heater, an adjustable mcicurj' thennostat, a mcrcurj’’ plunger relay, 
and ledges foi the suppoit of five 40 place wire racks For reasons of cir- 
culation all positions adjoining the walls of the tank are left \ acant Dur- 
ing operation the bath is covered w ith roof-shaped pieces of sheet aluminum, 
and the w ater level is automatical^'' maintained 4 inches abo\ e the bottom 
of the tubes 

The tests were run by chaigmg a large number of tubes with prepared 
modified medium limited bj'' 12 7 of threonine The tubes w ere uniformly 
distributed thioughout the lacks, with empty tubes placed m the unused 
spaces In the water bath (Si’^stem C) all spaces w ere thus occupied, but 
in the an incubators (Systems A and B) onlj'- every second space w as filled 
chess-board fashion in ordei to peimit fiee circulation of air All tubes 
w'eie removed after approximately 22 hours and, after leadings were taken, 
returned to be read again after a total of 44 to 48 hours of incubation The 
results given m Table V show' that readings are consistently more homo- 
geneous after the second penod of incubation and that the w ater bath gives 
bubstantially moie unifomi results than the air incubators Possible eirors 
arising as a result of additional giowth taking place while the tubes are 
being read are eliminated by reading the senes fom ard and baclc^^ ard and 
talang averages Companson of the data of Tables IV and V show's that 
after 2 days of mcubation in the bath the degree of consistency of readmgs 
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approaches that to be e'^pected from the operation of the non-h\'ing \an- 
ables 

Inoculum — ^In the practice of microbiological assay it is customarj' to pre- 
pare a fresh inoculum for each day’s work Ne\ ertheless, with identical 
media and identical conditions, identical amounts of growth are not gen- 
erally expected in separate experiments This lack of reproducibihtj may 
be attnbuted to imcontroUable daj' to da} \ anations in the composition of 
the medium, m chemical changes incident to sterilization, in temperature 
and time of mcubation, or m the biological acti\ it} of the bactena After 
the conditions of stenhzation and incubation had been standardized the 
question of the vanabihty of mocula was exammed 

Table V 


Results of Comparisons of Incubation Systems 
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* According to “normal distribution ” 


We have stored and subcultured agar cultures of Streplococcus faccalis in 
the manner descnbed by Stokes and Gunness (11) In order to stud} the 
effect of storage of the moculum on the resulting grov th the expenments 
descnbed in Fig 3 vere undertaken A slow decrease of grow th potential 
of the mocula as a result of their told storage is endent, the rate of this 
decrease, measured m terms of the resulting IG hour growths, is approxi 
mately 3 per cent per day, and in terms of 22 hour grow ths, 1 per cent per 
da} The standard deenations within each set of eight tubes a\enigcd ~3 
after 16 hours of incubation and =2 after 22 hours, and apart from shahth 
lower net growth no.disad\antage seems to accrue from the use of stored 
cultures ^\n earlier statement concenung the ad\ antacc of the u-^c of •’gei 
mocula (1) must be wnthdrawn 

In anew of these obsera ations, it became of interest to cons-dcr the cfTcci 
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of the age of the paicnt agai culture on Ujc giouth polentml of derived 
inoculalion cuituies Accouiingh, hoiuiion subtullurcs ^\c^c made from 
five diffei cut agai cultuics ^\!uch had been btored at for dincrentpon 
ods lauging fiom 0 to 90 da^s Tlie bouillon culluieH Nscre ineubated for 
peiiodb of 7 01 21 hoius and, aflci (letcrinination of the re-bulling optical 
density, ucic centrifuged, unshed ns usual, and then diluted with water, 
so that suspensions of somewhat similai < oma'iitrations icsultcd Four 10 
cc poitions of picpaicd slnndnid medium (12 -y of tlneoninc) were inocu- 
lated with each of these suspensions, the tubcN were simultaneously in- 
cubated m the water bath, and readings weie taken aftei 22 and 41 liours 



Fig 3 Influence of storage on inoculum Stab cultures from igar \\cre gro^n in 
bouillon medium (S cc ) and the resulting cultures were centrifuged, washed with 
saline, again centrifuged, decanted, and stored at -f-r \ftcr dilution with 50 cc 
of water, single drops were added to 10 cc portions of prepared modified medium 
limited by 12 y of threonine and 8tcrili7cd2J minutes Optical deiisitj readings were 
taken after IG to 17 hours (round symbols) of incubation (37-38°) and after 22 to 25 
hours (square symbols) The open si inbols show results of a senes of inociila grow n 
for 6 hours, the solid si mbols refer to another scries which were grown for 24 hours 

The lesults aie summarized in Table VI Appaiently the cold stoiage of 
agar cuituies foi more than 3 months has no significant efTect on the giowth 
potential of then bacteiial piogenj^, although the agai-stoied bacteria them- 
selves show' a marked loss in eaily activity 
Because of the observed tendency for leadings to become moie uniform 
w'lth increasing time of incubation (at least up to about 60 houis), it seemed 
of inteiest to determine to w'hat evtent the size of the inoculum ma}’ be a 
factor in this connection The e\peument desciibed in Fig 4 shows that 
during the terminal stages of giow'th, when the residual concentiation of 
the limiting nutrient presumably becomes a late-conti oiling factoi, the bac- 



G TOENNTES AND D D GAIiANT 


461 


Tabue VI 

Growth Polenital of Inocula Derived from Agar Cultures of Different Age 
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720 
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Bacterial. Concen TRAT/OAt 

Fig 4 Influence of size of inoculum V freshh grown 20 hour bouillon culture 
was centrifuged, washed, and diluted with 10 cc of water Of fort\ fiio tubes 
containing prepared modified medium (12 y of threonine, sterilized 2} minutes) 
nine were inoculated nith single drops of this suspension (Inoculum \) B\ sue 
cessi\e dilutions with 2 ^oIumes of water, Inocula BCD, "nd E were ob'ained 
so that the consecutnc bacterial concentrations were approMmatch in the ratio 
of 81 27 9 3 1 The abscissa units are logarithms of the bacterial concentrations 
of the inocula, optical densities were measured after 22 and 44 hours of incubation 
(water bath, 37 7°) The ss mbols represent mean \ slues with thnr standard erro-s 

tenal clensitj attained bears an approximaleh' linear relationship to the 
loganthm of the quantity of inoculum, and lint the influence of inoculum 
size decreases as growth approaches nsj-mptoticalh the depletion Ic.cl 
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This finding is consistent with the conclusion of Harrington (12) that the 
lag peiiod, t c the time inquired to reach visible luibiditv, is a linear func 
tion of the bactciuil count at inoculation I’oi the middle inoculum con- 
centration (which coiicsponds 'ippio\inialoU to the usual practice), and 
foi the medium used, doubling oi liabing of the inoculum would change 
the optical density a aluc at 22 houi-) b> about 1 6 jiei cent and at 44 hours 
by about 0 G pei cent Vceoidingh, oidmar^ \*iriations m the size of in- 
dividual inoculation chops can hai(ll> be souice-. of significant \anntions 
in the analytical icsults 

On the basis of the foicgoing the following inotcduie is pioposcd for the 
preparation of an inoculum of pratlicallj (onstant piopeilies A G hour 
culture m bouillon is grown from a suitable agar inoculum, the resulting 
optical density is measured, and, after centrifuging and washing the cells 
mth water, the fresh inoculum is chluted witli an amount of sterile water 
wduch m cc is approximately one tenth of the optical density , c j/ , for a 
suspension of 650 optical density G5 cc of w atcr are used 

For large numbers of inoculations, it is coiwenient to use a device made 
by sealing a stop-cock to one end of the bulb of a broken 25 cc pipette 
and drawing out the other end to a fine tip, so that the whole piece is not 
longer than 9 inches In use it is clamped at an angle about 20° aboce 
the horizontal position, and the stop-cock is adjusted to a con\cnient drop 
rate 


SUMMARY 

The influence of experimental variables upon the grow th of Slreptococciis 
faccalis in synthetic media has been imestigated with the follow mg results 

1 Heat sterilization per sc may contribute to the tilratable acidity of 
a S3mthetic medium and at the same time adversely affect subsequent 
grow'th Heating for 2^ minutes at 15 pounds steam pressuie is sufficient 
for effective sterilization of the synthetic media m\estigated 

2 In photoelectnc turbidimetry of bacterial cultures, eiiors due to color 
effects are smallest at wmve-lengths near 700 m^ Color differences which 
exist between non-moculated and inoculated but other\\ ise identical media 
after incubation become negligible w'hen the steiihzation time is shortened 
and readings are taken at 700 m^ 

3 A distribution pattern among the optical diameters of selected culture 
tubes corresponding to a standard deviation of ±0 5 per cent adequately 
matches the precision of turbidity measurements obtained wuth the Coleman 
model 11 spectrophotometer 

4 Culture tubes are consistently fieed of biologically effective traces of 
impurities when they are treated wuth chromic-sulfuric acid, and subsequent 
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Trashings are terminated -witli at least one 20 nunute penod of heating m 
ivater at 120° 

5 The range of vanations m bactenal growth occurring among identi- 
cally charged tubes can be reduced to about one-third by the use of a con- 
stant temperature n ater bath m place of a convection-tj’pe air incubator 
In a water bath under optimal conditions, gron th i anations are less than 
twice as large as the vanations m readmgs imposed by instrumental pre- 
cision 

6 Refngerator storage of agar cultures or of v ashed orgamsms grown 
m hquid cultures results m a slow Imear decrease in the amount of grow th 
induced m a standard medium by mocula taken from the stored cultures 

7 When organisms from freshly grown cultures sen e as the moculum, 
the ensuing grow th is the same under standard conditions, regardless of the 
age of the parent culture of the inoculum 

8 Ordmary vanations m drop size occumng m smgle drop moculation 
are neghgible as sources of experimental error 

BlBUCGRAPHY 

1 Toenmes, G , and Gallant, D L , Federalton Proc , 6, 293 (1947) 

2 Stokes, J L , Gunness, M , Dwjcr, I M , and Caswell, M C , / Btol Chan , 

160, 35 (1945) 

3 LuchejjT D , Briggs, G M , Jr , and Ehehjera, C A,J Btol Chcm, 152, 157 

(1944) 

4 Consden, R , Gordon, A H , Martin, 4 J P , Rosenheim, 0 , and Sj-nge, R 

L M , Btockem J , 39, 251 (1945) 

5 Hams, J S , and Kohn, H I , J Pharmacol and Exp Thcrap , 73, 3S3 (1911) 

Larapen, J 0 , and Jones, M J , Arch Biochcm , 13, 47 (1947) 

6 Totter, J R , and King, M E M , J Btol Chcm , 165, 391 (1946) 

7 Snell, E E , in Annual renew of biochcmistrj , Stanford Umvcrsitj, 16, 375 

(1946), Woods, D D , 16, 605 (1947) 

8 Hill, E G , and Patton, A R , Science, 105, 4S1 (1947) 

9 Daniels, F , Mathematical preparation for physical chemiEtrj, New York, 224 

(1928) 

10 Mather, K , Statistical analjsis in biologj, Xew York (1943) 

11 Stokes, J L , and Gunness, M , / Btol CAcm , 157, 651 (1944) 

12 Harnngton, B L , / Bad , 28, 177 (1934) Porter, J R , Bacterial chemi'tn 

and phjsiologj, Kew York and London, IOC (1946) 




THE INHIBITORY EFFECTS OF dl-ALAXINE, l-GLUTA^IIC 
ACID, l-LYSINE, and i^HISTIDINE ON THE ACTDTTY OF 
INTESTINAL, BONE, AND KIDNEY PHOSPHATASES* 
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With the TECH\TCiE A.ssist^.\ce of Norma Stewhman 

(From the Department of Pharmacology, Cornell Umrcr’nty Medical College, 

New Yorf City) 
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Glycme and other «-armno acids in very lov concentration increase the 
activity of tissue phosphatases, whereas there have been indications that 
m higher concentrations they appear to decrease it (1) It was recenth' 
shown that glycine, in concentrations higher than the 0 006 sr necessao for 
optimal activity, inhibited the action of bone and mtestmal phospliatases, 
the former m an entirel}’’ non-competitive manner and the latter, large!} so 
(2) The inhi bition v as found to be dependent on the presence of the free 
carbo\}d and ammo groups of glycme Estenfication of the carboxyl group 
reduced the inhibition to about one-half the \ alue obtamed with gl} erne and 
the mtroduction of meth}l groups mto the ammo group decreased the 
inhibition even more markedly 

These findin gs naturally raised the question as to the extent to vhich 
other a-ammo acids might inhibit phosphatase actmty The present paper 
IS concerned chiefly vith the study of the mhibiton- effects of nn-alanme, 
of the basic ammo acids, L-l}sine and iLrhistidme, and of the dicarboxxlic 
n-glutamic acid on the actmty of mtestmal, bone, and kidne} phosphatases 

EXPERIMEVrxL 

The methods for prepanng dialyzed phosphatase extracts and for measur- 
ing their actmty have been desenbed prenousl} in detail (3) In most 
of the expenments reported m the present paper, the concentration of 
enzyme preparation was 12 5 per cent b} ^ olume of the h} drohsis mixture, 
that of the substrate, sodium ^-gh cerophosphatc, vas m the maximal 
range, 0 0127 or 0 0254 m The concentration of the buffer, sodium dielln 1 
barbiturate, vas 0 5 gm per 100 cc of h} droh sis mixture or 0 024 xi In 
accordance with considerations prexiousl} presented (3), concentrations of 
0 01 XI magnesium ion and 0 OOG xi gl} cmc w ere present m order to obtain 
optimal enz}inc actmt} Each determination of pho=phatase actmtx w is 

* Supported bj a rescircli prant from the I nited ''t no- Public UcaUb - icc 

t Present address, Xlcmonal Hospital for the Tre^lneat of Cance -rd \1! r 1 
Diseases and the Sloan Kcttenng Institute fo' Cance- Resea-ch Nc-v lo-l 
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earned out at ojilimal alknlmc pll, u'^sured bj ninnuig a &cncs of hjdrolyses 
constituting a \ciy closely spaced pll-activit} cuue in and about the 
optimal langc The reaction \clocitics c\crc dctcmimcd from the amount 
of phosphoius hbciatcd ns moiganic phosjihatc per cc of hydrolysis mi\ 
ture at three time mtcunls, spaced ns equally apart ns possible, dunng the 
zero oidei poitioii of the hydiolysis and ^\crc c\pr(“v‘'cd as miorogramsof 
phosphoms pci ec per minute The liberated niorganic plios'iiliatc -was 
detennmed by the method of Fiske and Subbat o\s (4) aftci fusiurancc had 
been gamed that the colorimetiic readings uerc not afiedod by the con- 
centrations of the a-ammo acids employed. All hydrolyses \\crc con- 
ducted at 25° m a watei thennostat legulatcd to ^\lthm 0 01-0 05° The 
a-aranio acids ^\cle of icagcnt guide and ■were fiom the follo\\mg sources 
Fisher, Eastman Kodak, Pfanstichl, and Itlerck * 'J'he a-amnio acids i\crc 
made up m solutions uliich wcic adjusted to about pll 9 0 For any 
paiticulai senes of e\pcnments dcMgned to ch.irnctcnze the mhibiton 
effect of a paiticulai ammo acid on a pho'.pliata‘-e prcpaiation, reaction 
velocities A\eic usually detennmed in the pic^ente of fiom four to sccen 
diffcient conocntiations of the a-ammo and Seceial bone and intestinal 
and one kidney phosphatase jnepaiations wcic ii'-cd m the course of this 
woik Othci techniques aic described in connection vith sjiccific c\pcn- 
ments 

Results 

Reversibility of a-Amino Acid Inhibition — In the course of earlier work 
(1) it wms pointed out that intestinal and kidney' ti'^sues ha\e considerable 
autolytic capacity' and that their cnidc extracts, thcicfoie, probably' contain 
lelatively high concentiations of pioteolytic products, including a-ammo 
acids Observations on the relationship betw een the concentrations of such 
prepaiations and then lates of reaction as well as the finding that dialysis 
incieased then phosphatase actn'ity indicated that the inhibition by' pio- 
teolytic pioducts was revel sible Howevei, moie definite pi oof is offered 
in Table I It may' be seen that a concentration of 0 12 m DL-alaumc in the 
final hydiolysis mixture reduced the phosphatase activity of an intestinal 
preparation to 25 to 31 pei cent of its original activity Dialy'sis resulted 
in an increase of the enzyme activity, so that at the end of 24 to 28 houis it 
wras 73 to 83 per cent of the activity' of a sample of the uninhibited phos- 
phatase piepaiation w'hich had been dialyzed under similar conditions 
Again, a concentration of 0 0025 m L-histidme deci eased the phosphatase 
activity to 20 pei cent of the uninhibited activity, dialysis lestored it to 60 
per cent 

‘ We me iiidebled to the Department of Bioclieinistry, Cornell UmveiMt\ Med- 
ical College, for a sample of L-lysme 
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‘ Expression of Degree of Inhtbilion by a-Amino Acids — was previously 
shown that the inhibition of bone phosphatase b}’ gl}’'cine was non-com- 
petitive (2) The evtent of such inhibition may be expressed in accordance 
with the foUowmg transposition of the Michaehs-Menten equation (5, 6) 



V 


( 1 ) 


where Fo is the reaction velocity m the absence of any inhibitor and T' is 
the velocity at the concentration, I, of the mhibitor K'l, the dissociation 


Table I 

Reversal of Ammo Acid Inhibition of Phosphatase Actirity 
A. rat intestinal phosphatase was mixed with a solution of the ammo acid or an 
equivalent amount of distilled vater The initial activities of the phosphatase- 
water and phosphatase ammo acid mixtures were determined and each mixture then 
dial} zed against several changes of distilled water Samples were drawn from 
diab-Bis bags at the times shown and the activities determined Test h^drolvses 
were run at 25° with 0 0254 ii sodium g gljcerophosphate, optimal pH, magnesium, 
and gljcme concentrations Corrections made for dilution of contents of dial} 
SIS bags 
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mil tore 
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krj 
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1 Initial concentration of 0 48 m dl- 

0 

0 92 

0 23 

25 

alamne diluted to 0 12 n m test, 

3} 

0 81 

0 29 

30 

dial} SIS at room temperature 

24 

0 60 

0 48 

1 73 

2 Initial concentration of 0 4S ii dl 

0 

0 89 

0 25 

31 

alanine diluted to 0 12 m m test. 

2S 

0 77 

0 04 

9.3 

dialvsis at ice box temperature 

3 Initial concentration of 0 021 ji l 

0 

0 70 

0 15 

20 

histidine diluted to 0 0025 m in test 

71 

0 07 

0 40 

00 

dialvsis at ice box temperature 






constant of the assumed enziTnc-inhibitor complex, la independent of the 
substrate concentration Tlie mlubition of intestinal pho^-phatasc bv 
glj cine is largel} , though not cntirelv , non-compctitn e in tvpe f2) In the 
range of near maximal or maximal substrate concentrations, 0 0127 to 
0 0254 M sodium /S-gh cerophosphatc, and at concentr’tions of ghcinc 
greater than about 0 03 m, the inhibition is usualh over 95 per cent non- 
competitive m tvpe 
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\lthough jt A\as not f(Msihlo t<j rstnbli‘ili, prr( isfl> ns had been done 
foi glj’cinc, the extent of non-einnpetilne inhibition for oath o-ainiiio acid 
and cacli ti'^sne pliosphataH' nnplo\(d, a feu exfieriinents indi(atcd that, 
at tlie Ingliei sulistiate ( oiu enti.ilion*- U‘'ed in this stinh , the inhibitionuas 
cithei coniplcteh oi piaeticilh non-( ompe litn e anrl tlmf, therefore, 
Equation 1 might be ined to define the I'xtent of such inhibition It wm 
found, foi example, that ni,-alanine inhibited bone i)h(>'.phata‘'e entire!} in 
a non-compctitn c maimei and that tin* inhibition of intestinal phosphatase 
actmtvby nn-alanine, n-glutami< mad, and i-histidino uas non-eompetituc 
at the highci eonecnliafion^ of subsliate, 0 0127 to 0 02)1 M sodium jS 
glyceiophosphatc 


Taum II 

hihihitoni ]'}]crt oj (lii/nnr on ^tUithi oj Pho’tp) nUt'^r'; 

Reaction xelocitica (leli'nnincii under ojiliinnl rondition'i and at 0 0127 M Hodium 
/9-gh ceropliospliate, cxeejit for preparation RIL d, in \\liirli tiu roneentration 
0 0234 M Extent of iiiliitntion c\pr( xed m aceordanee willi I quatioii 1 (see the 
text) K'r ~ //((Po/I ) — 1) For each K'j s due, reaition \elocitica determined 
at six to nine eoncentr itions of nUcine 


Source 

rrepiratlon 

Diiwcistion eoasUnt, 
K>i 



nele ftrl 

Intcstiu'il phospluitnae, nil 

lUK-d 


(( <{ (( 

RIL-d 


“ " huninii 

MID-d 


it it it 



Bone phosplialaso, cat 

CnB V-d 


a << it 

" 


“ “ rat 

RBM-d 



The value of K'l as obtained by plotting the relative reaction \ clocities, 
that IS, the velocities expiessed as pei cent of the velocity in the absence of 
inhibiting ammo acid, against the negative logarithms of the concentrations 
of the ammo acid Fiom the cun’-es thus obtained, whicli ueie linear in 
form except at the extreme uppei and lovei limits, K'l vas leadily detei- 
mmable, m accoi dance xvith Equation 1, as that concentration of ammo acid 
which gave a reaction velocity equal to 50 pei cent of the velocity m tlie 
absence of inhibitor The units of K'l aie moles pei liter 
Inhibitory Effects of Glycine and nij-Alanine — It uas previously found (2) 
that the value of K'l for the inhibitory action of gtyeme on a rat bone 
phosphatase, preparation RBM-d, uas 0 039 In Table II aie shown 
additional determinations of the inhibitor}’- effect of glycine on cat bone 
phosphatase and on human and rat mtestmal phosphatases There was 
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some vanation m the values for K'l which ma}- m part have been due to the 
source of glycme, smce with the same bone phosphatase, CaBA-d, and vnth 
the same mtestinal phosphatase, MID-d, the Pfanstiehl product ga%e a 
Eomevhat lover value than did the Eastman product There appeared to 
be no sigmficant difference betv een the i alues for K'j for the mtestinal 
preparations and those for the bone preparations The a\ erage i alue of 
K't for the inhibitory effect of gl> erne m these seven senes of experiments on 
five phosphatase preparations v as 0 051 (s d = 0 013) 

Table III shov s the results of eight senes of experiments on the effects 
of Dir-alamne on the actmty of cat bone, rat bone, rat mtestmal, human 
intestmal, and rat kidney phosphatases The values of K'j for the bone 

Table III 

Inhibitory Effect on 'Oh-Alanine on Aclittly of Phosphatases 
Conditions and calculations as described m Table II Concentration of sodium 
/3-gl j cerophosphate 0 0127 m, except where noted For each K'l \alue, reaction 
velocities determined at four to seven concentrations of DL-alanine 


t 

Source 

Preparation ^ 

I 

! Dissoofttion consUnt, 
Kt 

1 

] 

1 

rclt fer t 

Intestinal phosphatase, human 1 

1 MlD-d i 

0 107 

<( t< t< 1 

it 

0 OOG 

“ “ rat 

RIL d 

0 144* 

tt it it 

tt j 

0 132 

Bone phosphatase, cat i 

CaB t-d 

0 000 

it tt tt 1 

{( 

0 124 

“ “ rat 

RBM'-d 

0 096* 

Kidnej phosphatase, rat 

RliA-d 

1 0 076* 


* Concentration of sodium /S-glj cerophosphate 0 0254 ji 


phosphatases did not appear to differ significantly from those for the 
mtestmal phosphatases The a\ erage \alue of K'r for the bone and 
mtestinal phosphatase mhibition bj nn-alanme vas 0 113 (s n = 0 021) 
The value of K'r for one senes of expenments on tlie inhibition of rat 
kidney phosphatase by CL-alanme was 0 076 

Inhibitory Effects of irGlittamic Aad, n-Lysinc, and h-Histidinc — In order 
to explore further the inlubitorj effects of a-ammo acids, it was decided to 
studj the dicarboxjhc i/-glutamic acid and the two basic amino acid", 
L-ljsme and n-histidine Table IV shows, first, that the inhibiton effect" 
of irglutamic acid on rat mtestmal phosphatase, of n-hsinc on rat bone 
and kidnej phosphatases, and of L-histidmo on intestinal, bone, and kidnov 
phosphatases arc of a higher order of magnitude than tho^e of plv cine or 
DL-alanine on these cnzvmcs Sccondlv, there i" a distinct differcnoo 
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bel\\o('n Uu' inai^iiitudc ot tlic^e «‘n< t Is on l»oii( and Kiflncv piiosphatasca, 
on the otu* Inind, !ind llio^c on mtr-^limd plio-^pludn e, (jti the other fiiii’, 
the K'l Md\ies, OO'tO, foi the ndnhition of lliree dilTeicnt lat mtcstinal 
phosplmtsH'^ h\ ii:lul[\nue held ui le louei than tlio-^'’, 0 O^H to 0 120, for 
lat hone ni ia( Kidne\ |)hosphafaM-i 1 oi the inhihilion In the t^\o basic 
amino aeids. n-!y‘-ine and i/-!nslidim', the vitnalion was uner'cd, tlic\aluc3 
of K'l hemp; defmili'h Inghei foi llu inio-.iin'd prep nations than for the 
kidney OI hone pliosjihaf asi > l‘'oi i \ainph , the \ahi(M of K't for the 

1 \iot 1\ 

fiilithtlon/ J Jfi I h III \ (Hutrimv I,’/ i)t> ttml t, lli-liihur on Arlii il'/ 

of Phn'\j>f nlairi 

Coiuhtions ! 0 >tt » ilk til >1 imifi its <1* m nix d tn 'Inltk 11 tJonroiitrstioa of “(xiium 
d pl\ < oioplioiiilKito 0 02"ii \t, (’\c( (»t wlun imti d lor i n li A*'/ \'’lil', n iftion 
\('loci{t('s wf'ii rmtiK (1 il throo to fi\n rourt iitrnlioiiM of jonirio nt id Hit 

tissues \\t le us( (1 


Source 

rrepafation 

■ ni 

iifiatinn corjlsttt, / l 

1 r.UilamIc 1 
acid 

1 I<>j nc 

, t HtsUfitPC 

1 



ni.'fftrt ' 

n-te ferl 

! rn>'efirl 

Illtcstillfil pliosplmt ISO 

HIM .1 

n 0 50 1 

0 in 

0 OOGt 


lUK d 

0 0 !0* 



t 

UlO-d 

0 O'tO ! 

0 os.') 

1 


RIK d 

UIL d 
(< 

1 

0 O'O 

1 

J 

! 0 0003 

0 OOGO* 

Bone phospintnso ' 

RBN d 

0 100 ' 

0 0105 I 

1 0 0022 


RBM' d 
RBO tl 

0 120 

0 0001 i 

1 

! 0 0031 


HBiM-d 

0 OSS ’ 

1 


Kidney phosphiitisc 

RK \.d 

0 100 , 

0 0093 j 

0 002S 

* Concentration of sodium /? kI 

\ ( erophospJiiilc 0 0127 m 




inhibition of thiee diffeient rat intestinal piepaiatioiibbj- n-lysine Meie 0 06 
to 0 14, wheieas the values for the inhibition of the tvo bone and one kid- 
ney phosphatases v eie 0 009 to 0 010 Most sti iknig of the inhibitory effects 
obtained weie those by L-histidme The values of K'r foi this amino acid 
ueie 0 006 foi lat intestinal phosphatases and 0 002 to 0 003 foi bone and 
kidney phosphatases The dilTeienccs betaveen the action of L-glutamic 
acid and n-histidine on a rat intestinal phosphatase, llIM-d, and a lat bone 
phosphatase, RBN-d, as well as the magnitudes of these effects, are illus- 
tiated in Fig 1, wheie the lelative leaction \elocities at the vaiious con- 
centiations of the ammo acids are shown 
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Possible R6h of Inadenial, Non-Phosphatasic Components on Inhibitory 
Effects of Amino Acids — ^The possibility existed that the inhibitoi^' effects 
obsen’^ed might be caused b} the presence of traces of heai-^ metal ions, 
such as mercunc or cupnc, m the ammo acids Saturation i\ ith hj drogen 
sulfide of solutions of 1 0 m DL-alanine, 10 m glj cine, 0 23 m L-hi^tidine, or 
0 35 M ir-lysme resulted m no or on!} i en' faint darkening of the solutions 
These concentrations of ammo acids were much higher than those which 
gave appreciable inhibition Yet concentrations of 0 00125 m mercunc or 
cupnc ions which, as shown prenoush (3) or m the course of this work, 
inhibited phosphatase actmtj only about 10 to 20 per cent nelded intenseK 

Fepcent 

100 
t 50 

o 
~S 
> 

o 0 

s 

& 100 
50 
0 

llG 1 Uelati\( actmtics of bone and intestinal |>ho--i)h tl im s in jiri '■enct of 
carjing concentrations of l histidine and a piutamir acid The di'-^ iciation con 
slant, h'j, of the phosphatase ammo acid complex i“ equal to / ((1 c^l ) — 1) and 
represents that concentration of amino acid it which 'lO per cent inhibition occurs 

dark suspensions of the metallic sulfides on saturation w ith In drogen sulfide 
klorcoter, concentrations of 1 25 X 10"^ M mercunc and tiijint ion*; which 
gave faint but definite darkening on saturation with In drogen sulfide 
exerted no inhibitor} effect on phosphatase actmt} There was therefore 
little likelihood that at the concentrations of ammo iLid« at which mhibi 
tion occurred enough mercunc or cupnc ion was present to account for am 
portion of this inhibition 

The possibilit} also existed that the axtent of inhibition w as influenced 
b} the presence of substances m the phosphatase preparations other than 
the actne phosphatasic components It might be conccncd, for example, 
that intestinal phosphatase w as not inhibited b} L-h'sine to the =amc extent 
ns bone or kidney phosphatase because there xvas some protein or othc- 
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10 20 00 in to ao 

Ncaative loo rrc c'^ccnocnlralion of ammo acid 
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component in tbc intestinnl phosplintafec prcpnTn.tion ^\lu^h inleiiTcterl 
^^ltll tins ammo acid and thus reduced the amount aiiTilahlc for interaction 
with the active enzyme Although iigorous cxduMon of this possibility 
can only be achieved by isolating each tissue iihosphat'iso in pure form, 
indiiect methods may be used to dctonninc whethci non-phosphatasu 
substances piesent in these tissue c\tuu ts*^ aie lesponsililo to an\ significant 
degiee foi the chaiactciislic inhibition of the \arious Iumio phosphatases 
These methods aie similai to those pie\iousl\ cmiihncd (3) to show that 

Tmui \ 

BJfccl of Adding Hcal-Inarlivatcd Tiiiuc Pho<iph(iU{' r Prrpariilioti on Inluhilion of 

Pho'iphataic Actintii hn i Jarinr 

Tissue phosphattibc preparations were healed to 70'’ for j lioiir to dt stroi enrsine 
aclivitj' and then iddcd to the active phosphatase preparat ion as ■ hou n in t he lalile 
Concentration of n-hsme in final Indiohsis nuxtiire 0 0123 m for RfN* d and UHN'-d, 
0 01S3 M for RIM-d and 0 OIOS m for RK V d C’onrentr ition of sodntni p ghccro 
pliosphate, 0 0251 m, and other conditions oiitiinal, as descrihed in tin le\t 




' 1 

1 


1 Pcactim vtlocitj 






As 1’ lilirralrd as 
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Source 

Actuc pliospliatasc 

ilnaclualtd pliospliala'e 

inor-An phos 
jpl sir prr cc per 

As traction 
of unnhib- 








ited V eloc 







'' I > sinr 

it> 




1 


So 1 


1 

1 1 



Ijsine 

present 





1 

! 

t 

7 

ftt ctit 

Intestinal projiaration, 

12 5% TUN d 

, None 

! 

1 r. 

1 1 02 

76 

active 


12 5% " 

, 12 ifr 

RBX-d 

1 I'l 

0 95 

SO 



12 5% RIM-d 

None 


0 S’ 

0 70 

So 


1 

12 5% 

' 12 .'Nc 

RBN d 

0 so 

i 0 G1 

SO 

Bone 

preparation, 

12 5% RBN-d 

1 None 


0 no I 

1 0 12 

17 

active 


12 5% “ 

1 12 

RI\ d 

0 01 

0 n 

i 17 

Kidnej 

preparation, 

12 0% RK V-d 

1 None 


1 12 : 

1 0 SI* 

59 

active 


12 5% “ 

. 12 5% 

1 

RIO d 

1 11 

1 

0 SI 

t 56 


* Extrapolated from inhibition eur\e of rat kidnec prejiaration 


the inhibition of bone and kidney phosphatases by bile acids and the lack 
of inhibition of mtestinal phosphatase w cie not dependent on the piescncc of 
non-phosphatasic components m these preparations 
Table V shows that 0 0123 M n-lysine reduced the actuit^' of rat in- 
testinal phosphatase, RIN-d, to essentially the same extent, about SO per 
cent of the uninhibited velocity, wdiether heat-mac tivated rat bone phos- 
phatase was piesent oi absent On the other hand, this concentration of 
ii-lysine reduced lat bone or rat kidney phosphatase much more markedly, 
to about 50 per cent of the uninlubited velocity, and this degree of inhibi- 
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tion was not affected by the presence of heat-inactivated intestinal phos- 
phatase 

If non-phosphatasic components do not appreciably influence the inhibi- 
tion, then a mixture of two phosphatases, each of which is inhibited to a 
charactenstic degree by a given ammo acid should be inhibited to an extent 
which IS the mathematical resultant of each of these inhibitions Three 
such experiments are shown m Table ^T To illustrate, the reaction 
\ elocities of a 12 5 per cent concentration of rat mtestmal phosphatase, 
RIN-d, as may be seen from Table V, were 1 35 7 of P per cc per mmute 
without inhibitor and 1 02 7 of P per cc per mmute m the presence of 0 0123 
M L-lysme The corresponding values for a 12 5 per cent concentration of 
rat bone phosphatase, RBN-d, v ere 0 90 7 and 0 42 7 of P per cc per mmute, 

T<_ble VI 

Inhibitory Effect of h-Lystne on Activity of Mixtures of Different Tissue Pho^photeses 


Activities determined under optimal conditions as desenbed in the text Concen- 
tration of sodium ^-gljcerophosphate 0 0254 it Calculations o' expected \clocities 
desenbed in the text 




1 

Peaceos TtleoT u P 
ifbonted por cc per ir-s. 

f-xc-'S e' 

I ciiSibited 

1 ve^oa j 

[ 

GraiposiUon of dxtnres 

( Cor;ce=- 
tnuos o', 
1 t. lysizo 

1 

Is »b<«rcc' 

! l7s:st 

Is p es^^c cf 
f l-s.se 



'Cil-c j OiK 

1 served 

Cii-=- o;> 

Utrf .a-ti 

ICx’-e 
j U-ri 

t Ob- 
serred 



u ' 
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fe* cckS 

12 5% RES’-d -n 12 5% 

RB\-d 

0 0123 

2 25 2 02 

1 44 1 33 i 

' 65 1 

66 

6 25% RBI-d -1- 6 25% 

RBX-d 

0 00S3 
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0 64 0 57 i 

74 

70 

G 25% RIO-d -r G 25% 

RK-X-d 

0 0103 ' 

1 20 ,1 07 
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i "2 
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respectii ely The calculated reaction x elocities of a mixture containing 12 5 
per cent of each of these phosphatases v ere 135-r0 90or2 257orPpe’'cc 
per minute in the absence of inhibitor and 1 02 -{- 0 42 or 1 44 *, of P pie" cc 
per minute in the presence of 0 0123 xt l-U sine or 65 per cent 0 '' the calculated 
uninhibited reaction x elocitj The reaction x elocities obserx eJ for tnc mnx- 
turc were 2 02 7 of P per cc per mmute in the absence of, and 1 33 7 of P per 
cc per mmute, or 66 per cent of the iminhibited obsen rd x alue, m the pmscnce 
of L-l 3 'sme In this instance, as m the others sho \-n m Tab’e 5 I, thc’c v as 
fairlj' good agreement, xvithm experimental error, bet* ecn the obse-xed 
reaction x elocities of the phosphatase mixtures and the x elcK'it es caVulated 
on the basis that trlxsme exerted its charactenstic mliib tor effect on each 
of the actixe phosphatase components and that this effect vas rot rmifi- 
cantlx influenced bx- the presence of non-phosphntas’c co*nponc''ts 
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DISCUSSION 

The piesent investigation has shovn that a number of a-amino acids 
inhibit bone, kidney, and intestinal phosphatases Tlieic is cvidoncc to 
indicate that inhibition of cnzjTnc activity bj'^ a-amino acids may be a more 
general phenomenon Abdcihaldcn, Rindtoiff, and Schmitz (7) noted that 
a-amino acids inlubited tijTitic and creptic activity , although tins ob-jcna- 
tion may, of course, be explained m tenns of the letaidant ofiect vluch 
reactant products generally exert However, Edlb'ichcr and Zeller (8) 
found that glycine, alanine, and lysme inhibited aigma'-e activity and 
Girsavicius, Efendi, and Ryzhowa (9) lepoitcd that the cn/vniic conver- 
sion of methylglyoxal to lactic acid was inhibited by eoiu enl rations of ap- 
pioximately 0 02 m tiyptophan, glutamic acid, aspartic uc id, arginine, and 
histidine, but that similai concentrations of glycine, alanine, and leucine 
were without elTect Moic recently, Iluntci and Downs (10) found that 
the action of arginase upon aigminc at pll S 4 w as inhibited In all o-ammo 
acids of the naturally occuiiing h configuiation, but not In n-n-ammo 
acids, ammo acids havnng the amino group in other than the « position, 
urea, oi native piotein 

In studying the mechanism of the inhibition of bone and intcotirial 
phosphatases by glycine, Bodanslcj’’ (2) observed that the inhibition was 
dependent on the presence of the free caibox^ 1 and ammo group-> of gl> emo 
Glycine ethyl ester inhibited about only half as much as glv cine, and mono- 
methyl- and dimethylgl 3 ’-cine had still less inhibitory effect 1 hose findings 
as w^ell as those reported in the present paper indicate an intci action 
between the ammo acid and the presumably protein phosphatase Al- 
though it IS Icnovvn that proteins as well as o-amino acids mav interact w ith 
each other (11, 12), and although it is possible that ammo acids may 
interact with some essential metallic component of the onvymc protein, 
theie appears to be no studj^ in the literature of the interaction of a pro- 
tein with an ammo acid which would sene to describe the nature of the 
mteractions between phosphatase and the ammo acids which icsult m 
mhibition 

The observations reported m the present work laisc the possibility that 
the stream of protem metabolism, either noimal or deranged, may alTect the 
enzymic activities of the organism in vivo There are, how ev er, at present 
practically no data to support oi deny this possibility A Bodansky (13) 
obseived that, m contrast to the rise m the activitj' of serum phosphatase 
after ingestion of carbohj’^drate m dogs, there w as a decrease after the in- 
gestion of protein (meat) A number of wmrkers (14-16) havm reported 
that additions of large amounts of various a-ammo acids to the diet pro- 
duced toxic effects in the rat, but no relationship of such effects to inhibition 
of enzyme activity has been adduced or even suggested 
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Of interest is the finding that, although glycine and DL-alanine inhibit 
rat bone and intestinal phosphatases to about the same extent, the basic 
ammo acids, n-histidme and i.-lj’’su;e, exert a greater inhibitorj^ efifect on rat 
bone phosphatase than on mtestmal phosphatase, ivhereas the reverse holds 
for the dicarboxyhc acid, L-glutanuc acid Whether this relationship -nith 
basic and acidic ammo acids is more generally applicable to phosphatase 
remams to be detennmed It may also be noted that m the senes of expen- 
ments here reported with one rat kidney phosphatase preparation the 
degree of inhibition obtamed with the \anous ot-ammo acids resembled 
the degrees of mhibition of bone phosphatase more closely than those of m- 
testmal phosphatase It was previousl 3 ' reported (3) that the mhibitions 
of bone and kidney phosphatases by 0 006 m bile acids were of the same 
order of magmtude, whereas mtestmal phosphatases were not inhibited 
by bile acids 

The results of Hunter and Downs (10) on the inhibition of arginase 
activity by vanous ammo acids may be exammed \nth respect to those 
ammo acids which were also used in our m\estigation At the highest 
concentration, 0 089 m, of the substrate argmine, 50 per cent inhibition v as 
produced by 0 060 it ir-lj^sme Glycme proved to be one of the poorest 
inhibitors, at an argmme concentration of 0 0223 m, as much as 5 0 si 
glj'cme V as necessaiy to produce an inhibition of 50 per cent n-Histidine 
wkch was found m the present mvestigation to be a verj' potent inhibitor 
of bone, kidney, and mtestmal phosphatases v as a \ cry poor inhibitor of 
arginase actmtj'’ In contrast to the concentrations of 0 002 to 0 003 M 
which produce a 50 per cent inhibition of bone and kidnej'' phosphatases, 
Hunter and Downs’ results shov that a concentration of 3 8 si n-histidine 
was necessary to produce this degree of inhibition of arginase actimtj 

SUSISIAKT 

1 The inhibitory effects of nn-alanme, i/-lj-sme, i>glutamic acid, and 
ir-histidme on rat bone, kidnej% and mtestmal phosphatases base been 
mvestigated and has e been es aluated m terms of the dissociation constants 
of the assumed, dissociable ammo acid-phosphatase complexes Tlic 
mhibitorj'- effects of n-histidme were particularh marked, an inhibition of 
50 per cent v as produced bj’’ 0 006 ’ll of this acid on rat mtestmal phos- 
phatase and bj 0 002 to 0 003 m on rat bone and kidnej' phosphatases 

2 The inlubition of phosphatase b} a-ammo acids, as illustrated in the 
instances of DL-alanme and L-lj-sme, maj be largelj re\ ersed through diah - 
sis 

3 Tlie basic ammo acids, irhisbdme and n-h-sire, exerted a greater 
mliibitorj effect on rat bone and kidrcj phespbatases tl’an on intestinal 
phosphatase, whereas the rc\ erse held for the dicarboxj he n-glutam’c ac d 
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4 It was shown that, as illustrated m the instance of iz-lysine, the 
characteristic inhibitions of the various tissue phosphatases vcrc not due 
to or influenced by the presence of non-phosphatasic components present 
in these enzyme piepaiations 
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In our earlier work (1) on a study of the abihty of choline and betaine to 
support the growth of young rats on a homocystme-containing, methionine- 
free diet, we began to mvestigate the specificitj’’ of cholme and betame with 
respect to this abihty The promotion of growth under these conditions 
was mterpreted as mdicatmg a synthesis of methionme from homocj’stme 
by an actual transfer of the methyl group, an mterpretation borne out by 
tracmg the methyl group with deutenum (2) 

By the growth cntenon the methyl-donatmg abilit} of systematically 
vaned groups of compounds structurally related to cholme was studied (3) 
Analogues of cholme were tested in which one or two of the N-methyl groups 
had been substituted by N-ethyl groups Other analogues were used m 
which vanous substitutions had been made m the ethanol moiety The ar- 
semc analogue of cholme was also tested as well as vanous betames and 
related compounds The high degree of specificity with regard to structure 
in relation to the abihty to act as a meth 3 d donor in this connection was 
shown by the fact that, of the manj compounds tested, only cholme (and 
simple denvatives such as lecithin and phosphorjdcholme), betaine, and 
dimethylethylh 3 '’droxyethylammomum chlonde were found to support 
growth under these conditions (3) 

Of particular mterest was the finding that arsenocholme, although ca- 
pable of preventing perosis m the chick (4) and hemorrhage kidnej' (5) and 
fatty infiltration of the liver m the rat (G), vas incapable of supporting 
gowth of the white lat on the methionme-free, homocjstine-contammg 
diet (6, 3) Evidentlj the methjd goups of arsenocholme either v ere not 
labile or were not bemg transferred at a rate fast enough to form methionme 
m sufficient amounts to support goiith 

In a continuation of these m\ estigations we extended the vork to the 
sulfur analogue of betame referred to m the literature as sulfobetaine or di- 

‘ The authors ^\ish to express their appreciation to the Lederle Laborato-iP'* 
Division, Vmoncui Cjanamid Conipanv , fora grant in aid which has 5 ajped to mat' 
this v ork possible 
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methylthetm The fiisl. test of this compoumh as a souicc of lafiilcmcthjl 
gioups involved a diet containing a liydi iodic acid liydiolysale of casein (3) 
as a source of an amino acid mixtiiic deficient m mctliionme The positn c 

CIIj O 

\ / 

vS+— CIT — C 

/ \ 

CH, 0- 

results we obtained weie announced in a llan ey lecture (7) on tiansmclhyl- 
ation “ 

Moie lecently we ha^ e tested dimcthylthctm as a source of labile methjl 
groups in growth expeiiments with white rats on a mixture of the \arious 
ammo acids w'hich did not contain methionine but to which homocjstinc 
had been added The expenmcntal pioccdiires used and the results ob- 
tained fiom these lattei expeiiments aic rcpoited m this communication 

The animals w’hich icccned the basal diet without added supplement of 
a methyl donoi did not gi ow and in se\ cial instances died bcfoi c the experi- 
ment was teiminated IIow ever, wdicn cither choline or betaine w as added 
to the diet giowth ensued The lats which recened dimcthjlthetin grew 
at a rate comparable to those icceivmg the choline or betaine It is there- 
fore concluded that this methj Isulfonium compound, like the latter com- 
pounds, can pi ovide a soui ce of biologically labile methyl groups The bio- 
logical and chemical implications of this aic being mi estigatcd 

EXPERIMENTAL 

Dimethylthetm chloride w'as prepared by treating chloroacetic acid w ith 
dimethyl sulfide accoidmg to the method used bj-^ Blown and Letts (9) in 
the piepaiation of dimethylthetm biomide The analjtical data and the 
propel ties of the compound agreed with those recoided in the literature 

Male white lats weighmg about 100 gm vere allowed to giow foi sei eral 
days on Diet I wdiich had the follow mg peicentage composition amino acid 
mixture 21 3 (10), cj'-stuie 0 4, Osborne and Mendel salt mixtuie (11) 4 0, 
suciose 53 3, hydiogenated vegetable oil 19 0, corn oil 1 0, and DL-mcthio- 

I A part of the dimethylthetm used m this test u as placed at our disposal through 
the generosity of Dr A D Welch, who hid earlier found that this compound pos- 
sessed both antihemonhagic and lipotropic activities to vhich we referred in a pre- 
vious communication (3) 

= As this manuscript was in the last stages of completion, the report of Diibnoff 
and Borsook (8) confirming that dimethjlthctin can function as a metlijl donor came 
to hand Through in vitro studies with a liver homogenate tliey found that this 
Bulfomum compound was a highly efficient methylating agent in the coniorsion of 
homocj'steme to methionine 



DU VIGNEAUD, MOTER, AND CHANDLER 


479 


mne 1 0 The fat-soluble ^utamms u-ere dissoh ed in the com oil and sup- 
plied m the following quantities for each kilo of diet ntamin A 7200 units, 
Mtamin D 1200 units, menadione 1 0 mg , and a-tocopherol acetate 40 mg 
The w ater-soluble mtamms were present m the diet m the following amounts 
for each kilo of diet thiamme chlonde, nbofla\ in, pjndoNine hj drochlonde, 
mcotmic acid, and p-aminobenzoic acid 10 0 mg each, calcium pantothenate 
50 mg , mositol 100 mg , pteroylglutamie acid (Fohite) 1 0 mg , and biotm 
0 1 mg The rats were then placed on Diet II, which was identical with 


Table I 


Food Consumplioti and Growth Changes 


Group 

No 

Rat No 

Diet No and supplement 

Da>son diet 

1 Average 
dail> food 
consumption 

Starting 

aud final 

weights 

Av erage 
dail> weight 
change 





r-r 


Sr^ 

I 

2963 

II 

19 

7 3 

94-80 

-0 7 


2964 


7 

3 9 

92-88 

-0 6 


2966 


6 

5 7 

130-121 

-1 5 


2967 

<< 

3 

2 3 

141-133 

-2 7 


2970 

“ -1- choline 

17 

11 8 

89-179 

-P5 3 


2961 

“ -1- diraethjlthetm 

20 

6 8 

86-128 

-^2 1 


2965 

“ 4- « 

20 

0 4 

127-204 

-1-3 8 

II 

2973 

U 

27 

6 9 

130-134 

AO 1 


2976 

t< 

27 

6 6 

115-114 

0 0 


2978 

tt 

27 

5 7 

135-109 

-0 9 


2979 

“ -P choline 

28 

10 2 

121-205 

-3 0 


2984 


28 

10 9 

103-180 

+2 7 


2971 

“ -f betaine 

2S 

6 0 

90-124 

A1 2 


2975 

tt ^ c« 

28 

12 0 

132-208 

A2 7 


2980 

“ -f- “ 

2S 

10 6 

143-220 

-2 7 


2972 

“ -p dimethjlthctin 

28 

9 3 

125-174 

+ 1 8 


2974 

“ -P 

27 

6 9 

110-123 

AO 5 


2977 

» 4- 

28 

12 5 

135-184 

A1 S 


Diet I, except that DD-homocj stine (0 87 per cent) replaced the DLr-methio- 
mne The methjl compound to be tested was added to Diet II b\ substi- 
tution for an equal wei^t of sucrose The first group of rats (Nos 2901, 
2963 to 2907, 2970) was placed on the homocjstme diet (Diet II) without 
supplementation for 7 dajs, after which thej were fed the supplements 
indicated m Table I Tlie second group of rats (Xos 2971 to 29S0, 29S4) 
was transferred directly from Diet I to the diets indicated in Table I Tlic 
growth rate and food consumption data are gi\en in Table I The supple- 
ments w ere added to the diet in the following amounts choline clilonde 0 5, 
betame chlonde 0 55, and dimetlnlthetin chlonde 0 84 per cent 
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SUMMAKY 

Dimethylthetin plus homocysime have been slionn to be able to replace 
methionine in the diet of the white lat The icsulting giowth was com- 
paiable to that obtained with choline, oi betaine, plus homocystinc It has 
therefoie been concluded that this sulfonium compound, like choline and 
betaine, can seiwe as a souice of labile methyl gioups in the diet 
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INTERACTION BETWEEN TOBACCO MOSAIC WRUS AND 
BO'STNE SERUM ALBUMIN* 

By MAX A LAUFFER 

{From the Department of Physics,^ Unicermty of Pittsburgh, Pittsburgh) 
(Recaved for publication, Febniaxj 12, 1948) 

Dunng the initial phase of a study of the rate of sedimentation of tobacco 
mosaic \nrus in bovine serum alb umin solutions, earned out because of 
the potential importance of results obtamed by Sharp et al (1) with m- 
fluenza \nrus, it was observed that tobacco mosaic \nrus was precipitated 
from its solution m 0 1 si phosphate buffer at pH 7 when sohd serum albu- 
min was added Upon further exammation, it was found that the sums 
V ould remam m solution after the addition of serum albumm if the pH v as 
about 4 5 or 4 7 At pH 4 5, tobacco mosaic virus is negatnely charged 
and serum albumin is positively charged, while above about pH 4 8 both 
are negativelj’- charged 

Because of this observation, the author thought it worth while to studs 
the interaction between tobacco mosaic \nrus and bovme serum albumin 
in greater detail In a prehmmary communication (2), it was reported 
that tobacco mosaic virus was precipitated m crj’stalline form by serum 
albumin imder conditions of like charge, either positive or negative, ex- 
cept when the lomc strength of the ordmary electrolytes also present was 
too low It was also reported that under conditions of opposite charge a 
precipitate was formed at very low values of the ionic strength of the or- 
dinarj' electrolytes This latter behavnor was regarded as bemg consistent 
with the results obtamed bj' Kleczkowski (3) m his studies on the mutual 
piecipitation of tobacco mosaic vnrus and vanous protems under condi- 
tions of opposite charge 

The present commimication consists of a detailed report of the studies 
on the interaction between bovnne serum albumm and tobacco mosaic 
vnrus, with particular emphasis upon the precipitation of the virus under 
conditions of like charge 

Malcnah and Methods^ 

Ihe vnrus preparation used in this stud} was obtamed bv the method 
of differential centnfugation from the jmcc of Turkish tobacco plants 

* \idcd b\ n grint from The XntiomI Foundation for Infantile Parahsij, Inc 
Presented at the mcetinR of \mcncan Sociclj of Biological Chemi'ts, Chicago, Ma\ 
18-22, 1947 

t Contnbution No p2-4S from the Department of Ph\'sic‘= of the Lm\c''it\ of 
Pittsburgh 

' Tlic author vnshes to acknoiiledge the technical as-istancc of Vfiss Ifarnrt L 
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diseased with the Rockefeller Institute stiam of tobacco mosaic 7’hc 
final piodiict contained 21 mg pei ec of viius and 1 paif, per 100,000 
of phenyl mci curie nitiate in a phosphate buflcr at pll 7 "I’lic liovinc 
serum albumin was obtained from Ai mour and OomlIan^ 

A senes of stock bufieis of 0 2 ionic sticngth uas picpaud as follous 
foi pH values between 2 0 and 4 0, chloioacetic acid and sodium In dioNidc 
were used, foi pH values between 4 and (>, sodium acetate and acetic acid 
were used, foi pH values between 7 and 8 5, sodium hvdiogcn jihosphalo 
and sodium dihydiogen phosphate i\cie used, and foi pH laluc-^ between 
about 9 and 10, boia\ and either hydiochlone acid oi sodium Inch oxide 
were used 

Measuiements of pH on the buffers and on the seium albumin-\irus 
systems iveie made wnth a Beckman pH mctci Potas'^mm acid phtlmlatc 
at a concentration of 0 05 M, wdiich has a pH of 4 000, was ined as a refei- 
ence Nitiogen analyses weie made by a coloiimelnc modification of the 
Kjeldahl method, as described by Millei (4) 

Results 

A series of virus-seium albumin sj’-stems was set uj) in winch an attempt 
was made to maintain all vaiiables constant except jilI Radi was con- 
tained wnthin a 15 cc glass centi ifugc tube and w as ( omiioscd of 0 5 cc 
of stock buffer, 0 05 gm of serum albumin, 0 15 cc of stock i irus solution, 
and 0 3 cc of watei Thus, the scuim albumin and the muis concentia- 
tions Aveie approximately 5 and 0 3 pei cent by weight, icspectn ch , while 
the ionic stiength w'as essentially constant with an appioximatc xaluc of 
0 1 The lesults obtained aie shown m Table I Because piccipitation 
was appaiently veiy slow^ in some systems and appaicntlj iciy lapicl m 
otheis, it was lelatively difficult to find a wholly object ix c means of c\ aluat- 
ing the solubility of tobacco mosaic viius in seium albumin solutions 
It was decided to compaie the systems aftei a constant aibitian pciiocl 
of time, namely 24 houis The results m Table I indicate that, except 
for pH values between about 4 and 5, tobacco mosaic muis was insoluble 
in 5 pel cent seium albumin solutions wnth ionic stiength of 0 1 The 
tuibidities obtained at pH 3 6 and 4 aie not necessaiily indications of 
inteiaction between seium albumin and tobacco mosaic muis, because the 
VIIUS IS insoluble at these pH values even in the absence of scrum albumin 
(5) Howevei, at pH values approximating 2 6, the muis is soluble m 
aqueous media wnth very low^ ionic strength Accoidingly, an experiment 

Carnelly and Miss Martha M Raup The author is indebted to Dr Mane Fischer 
for the preparation of the virus 
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was earned out at about pH 2 6 m a chloroacetic acid buffer -mth an lomc 
strength of 0 02 The same virus concentration v as used as in the pre- 
ceding expenment, but the serum albumin concentration was vaned 
The results are listed m Table II It was found that 1 per cent serum 
albumin caused no immediate effect, but upon standmg 24 hours, a small 
amount of precipitate was formed With 3 per cent and more of serum 
albumin, apparently complete precipitation of the ^urus took place In 
order to carry out this experiment and mamtam the pH essentiall}’’ con- 

Table I 


Soluhiltly of Tobacco Mosaic Virus in 5 Per Cent Scrum Albumin Solutions at 
Ionic Strength of 0 1 and at Various •pH Values 


Buffer 

pH of 
Duffer 

pH of 
serum 
albumin 
and \ irus 
in buffer 

Appearance 

tminediatel> 

Appearance after 24 hrs 

Chloroacetate 



Turbid 

Gel 

(< 




Turbid 

Acetate 

3 92 

4 02 

(< 

C< 

f( 

4 20 

4 37 

Clear 

Clear 

(( 

4 40 

4 58 

(( 

ii 

( < 

4 60 

4 78 

( 

( ( 


4 80 

4 92 

€i 

(( 

H 

4 93 



Turbid (thixotropic) 

H 

5 01 

5 15 

Turbid 

(f <( 

tt 

5 21 

5 31 

(( 

Ppt 

n 

5 41 


4( 

(f 

n 

5 65 


<( 


ti 

5 81 


(( 


Phosphate 

5 93 


« 


(( 

6 97 



“ 

(( 

7 93 


» 

4( 

<( 

S 89 



it 

Borate 

10 35 



it 


slant, it w IS necessaiy to titrate the scrum albumin to pH 2 G before muxing 
it Math the aarus and buffer Thus, it can be seen that tobacco mosaic 
Mnis could be precipitated from solution bj serum albumin vhen the pH 
vas cither alkaline to the isoelectric points of both \ irus and serum albumin 
or acidic to the isoelectric points of both Ho\\c^er, in media vath lonit 
strength of 0 1, no precipitation not attnbutablc to the normal insolubilita 
of tobacco mosaic \arus vas obsened vhen the pH was intermediate be- 
tween the pH a allies of the isoelectric points of Miais and serum albumin 
Additional experiments, similar to those at pH 2 G, were earned out at 
pH 1 4, 5 2, and 5 8 In each, pH, ionic strength, and \arus concentra- 
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tlOB weie maintained constant, but serum albumin concentiation was 
vaiied The lesults aie also shoivn in Table II At pll 4 4, nheri the 
ionic stiength was held at the value of 0 1, theie was no piccipitution oven 
when the seium albumin concentiation i cached 35 pei cent At pll 5 2 
and ionic stiength 0 1, piecipitation within a 24 houi peiiod occuiied with 
3 pei cent but not with 2 per cent sci um albumin At pll 5 8 and the 
same ionic stiength, evidence of piecipitation at the end of 24 houis w'ns 
obtained with 2 per cent seium albumin 

Tobacco mosaic viius concentiation md pll weie kopf essentially con- 

Tabll II 


Effect of Varying Semm Alhuvnn Conccnlralxon on Solubiltly of Totxicxn Mo<xaic 
Virus under Various Conditions 


pH of 
buffer 

pH of 
albumm 
and virus 
in buQcr 

Ionic 

strcnslli 

Scrum 

albumin 

concen 

tration 

. 

Appcirancr immcdinlcb 

Appeannee after 2t hrs 




per cent 



2 41 

2 63 

0 02 

1 

Clear 

Slight ppt 

2 41 

2 59 

0 02 

2 

Turbid 

j\Iodcrn(c ppt 

2 41 

2 58 

0 02 

3 


hull ppt 

2 41 

2 58 

0 02 

4 

If 

it fi 

4 42 


0 1 

10 

Clear 

Clear 

4 42 


0 1 

15 

(( 

it 

4 42 

4 42 


0 1 

0 1 

25 

35 

Slightly turbid 
Turbid 

Slightlj turbid 
Clear 

5 21 


0 1 

1 

Clear 

II 

5 21 


0 1 

2 

(< 

<< 

6 21 


0 1 

3 

If 

Turbid 

5 21 

5 81 


0 1 

0 1 

4 

1 

Slightly turbid 
Clear 

Slight ppt 

Clear 

' 6 81 


0 1 

2 

if 

Turbid 

5 81 


0 1 

3 

Turbid 

Ppt 

5 81 


0 1 

4 

<< 

Ct 


stant, but seium albumm concentiation and ionic stiength ueie both i aricd 
m a third gioup of expeiiments The viius concentiation Wvis 0 3 per 
cent Sufficient acetate buffei at pH 5 2 was added to each si^stem to make 
the ionic stiength 0 02 Sodium chloiide was added m \aiymg amounts 
to inciease the ionic stiength in each of the sj'steras Seium albumin 
concentiations of 1, 2, 3, and 4 pei cent weie used The lesults aie pie- 
sented m Table III It was found that the electiolj te coiuentiation just 
sufficient to cause essentially complete piecipitation m 24 houis varied 
wnth the seium albumin concentiation Wien the seium albumin con- 
centration was multiplied by the ciitical lomc stiength, an essentially 
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constant value was obtained for the lower albumin concentrations This 
indicated that, as a first approxunation, the solubihty of tobacco mosaic 
virus m serum albumin was approximately proportional to the product of 
the lomc strength and the serum albumm concentration 
An expenment was earned out at pH 4 4 to determine whether or not 
electroljdes affected the solubility of tobacco mosaic Aurus m serum albumm 
in the region of opposite charge The nnis Mas dialyzed until its elec- 
trolyte concentration was vety low Then a solution containing approxi- 
matelv 3 mg of virus and 30 mg of serum albumm m a total of 1 gm was 

Table HI 


Effect at Vartoue Serum Albumin Concenlraltons of Varying Ionic Strength When pH 
and Virus Concentrations Are Held Constant 


Semm 

nlbumin 

concco- 

tr&tJOQ 

MoIalit> 

ofNaCl 

lomc 

strength 

Appearance 

muneduteb 

Appearance after 24 hrs 

per <eni 

1 

0 18 

0 20 

Clear 

Very slight ppt 

1 

0 20 

0 22 

" 

Slight ppt 

1 

0 23 

0 25 

tt 

Ppt 

1 

0 28 

0 30 


“ 

2 

0 OSO 

0 100 

<1 

Clear 

2 

0 OSS 

0 108 


Very slight ppt 

2 

0 09S 

0 118 

** 

Slight ppt 

2 

0 110 

0 130 


Ppt 

3 

0 046 

0 066 


Slight ppt 

3 

0 050 

0 070 


Ppt 

3 

0 054 

0 074 

tt 

C( 

3 

0 060 

0 OSO 

tt 

1C 

4 

0 032 

0 052 

" 

(( 

4 

0 036 

0 056 

" 

tt 


prepared by imxmg the proteins and titrating with dilute hydrochloric 
acid until the pH was equal to 4 42 This solution was quite turbid, in- 
dicating that, at pH 4 42 in the abcence of appreciable amounts of elec- 
trolytes, a irus 13 not soluble in a serum albumin solution Sodium chloride 
was added to the aarus in small amounts until the turbidity disappeared 
The ionic strength of the final solution was approximateh 0 22 Thus, 
it appeared that a moderate amount of electrohte was neccs=ar\' in order 
to permit the \anis to be soluble in serum albumin at a pH \alue inter- 
mediate betw cen the two isoclectnc points This result is in general agree- 
ment with that obtained by Heczkowski (3) 

In order to detenmne the composition of the precipitate obtained in 
media alkaline to both isoclectnc points, two samples, each containing 
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appioximately 0 02 m acetate buffei at pll 5 2, 3 5 per cent NaCl, 0 5 
per cent serum albumin, and 1 0 pci cent tobacco mosaic viuis, vcic pie- 
pared In order to msuie accuiac 3 '-, all components vcic veiglicd A 
piecipitate was foimed in each, and the supernatant fluid vas oplitallj' 
deal m each Since tobacco mosaic vims solutions aic opalescent, this 
indicates that most of the viius piecipitated Infcctivitv analyses wck' 
earned out by the half leaf method with 64 Nicoliaua qhihnosa leaves per 
test on the redissolved piecipitates and the supcinalant luiuids The 
precipitates were fiist dissolved m sufficient liquid to make the volumes 
the same as the supernatant fluids It was found in both of the duplu ate 
experiments that the average numbci of lesions pci half leaf produced bj 
the reconstituted precipitate at a dilution of fO"' was almost identical 
wnth the average number produced bj^ the supeinatant fluul at a dilution 
of 10“' This shows that about 1 per cent of the infect i\itv remained in 
the supeinatant fluid and about 99 pei cent was found in the piecipitate 
Eight nitrogen anal 3 '-ses w'eic made on the supematant fluids of the two 
samples Recoveries of 93, 90, 98, 100, 101, 102, 9S, and 101 pel (cnt of 
the serum albumin nitiogen weie obtained The ti\ ciagc of the icco\ cries 
was 98 per cent These lesults show' that the piecipitates foimcd m a 
medium alkaline to both isoelectiic points consisted laigch if not enfiicl} 
of tobacco mosaic virus and contained little if am soium albumin 
lOeczkow'ski (3) found that precipitates obtained with tobacco mosaic 
virus interacting w'lth various proteins of opposite chaige contained both 
virus and the oppositely charged pioteins 

The virus separated fiom seium albumin solutions of like chaigc m a 
state highly suggestive of the mesomoipliic fibcis dcsciihcd bv Best (6) 
When ammonium sulfate w'as added to the fibcis, thc 3 wcie seen to sliiink 
lateially and bieak up mto small segments indistinguishable fiom the 
crystals originally desciibed by Stanley (7) The mcsomoiphic fibei-s of 
Best behaved m a similar mannei (G) 

An electrophoresis experiment w'as earned out on a solution containing 
3 per cent serum albumin and 0 3 pei cent viius at pll 5 I and ionic strength 
0 02 At the low ionic strength, the viius was still m solution Two 
boundaiy diagrams Avere obtained, one of gieatei aiea, which moAcd at a 
very sIoav late, and another of appioximately 10 pei cent of that aiea, which 
moved more rapidly The lattei was piobably A'lrus The indication is, 
at least as a fiist approximation, that the A'lrus and the seium albumin 
migrate mdependently in an electiic field when the composition of the 
solvent IS such as to alloAV the virus to remain soluble The sedimentation 
experiments of Schachman and Lauffer^ indicate that seium albumin and 

- Schachman, H K , and Lauffer, M A , in press 
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the virus are capable of independent sedimentation at a pH value of about 
47 


DISCTjSSIOX 

The results of the current mvestigation lead to the conclusion that, vhen 
serum albumin is added, tobacco mosaic ^^rus can be separated from solu- 
tion in the form of mesomorphic fibers similar to those observed bj' Best, 
if the ^ irus and the albumm particles possess the same type of net electnc 
charge These mesomorphic fibers have been shown by Best to be closely 
related to the crystals obtamed bj' Stanley by precipitation of tobacco 
mosaic virus by ammonium sulfate 

In some v ays this precipitation resembles the crj'stalhzation of tobacco 
mosaic and other ^nruses by means of high molecular weight hjdrophilic 
colloids Cohen (8) observed that heparm, hyaluronic acid and related 
compounds, starch, and even gelatin were capable of causing viruses to 
crystallize His studies were earned out at pH values alkaline to the iso- 
electnc point of tobacco mosaic \nrus, and all of the hydrophilic colloids 
used were negatnely charged particles 

In the present study, it was shown, first, that tobacco mosaic nrus can 
be crystallized from serum albumin solutions when the charge on the al- 
bumin is the same as the charge on the ^^rus particle, second, that the 
amoimt of serum albumm needed to precipitate the nrus under such cir- 
cumstances IS, as a first approximation, in\ ersely proportional to the elec- 
trolyte concentration, and third, that the amount of serum albumin needed 
to precipitate the virus is, at least at pH 5 2 and 5 S, less w hen the net 
charges on both \arus and serum albumin arc greater There are forces 
of repulsion between scrum albumin particles and varus particles when they 
ha\ e the same electnc charge The serum albumin apparently has greater 
chemical affinity for water than the varus has If the repulsion of the 
semm albumin particles for a varus particle is greater than the repuhion of 
other virus particles for the same varus particle, the varus should go out of 
solution and precipitate, possibly in erv stalline form 

\\nien the v irus and the serum albunun are of opposite charge, the situa- 
tion is somewhat different In this ca^e, there is an attraction between 
the scrum albumin and the varus particles "^Mien the ionic strength is 
low , this attractiv c force is sufficiently great to cause a precipitate to be 
formed The analyses of Ixleczkowski show that such precipitates con- 
tain both the varus and the oppositely charged protein WTien the ionic 
strength is increased, the attractive force is decreased, or the salt linkage 
IS weakened, and the virus and the oppositely charged protein dL==oIvc 
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' SUMMARY 

1 Tobacco mosaic virus can be separated from solution in the form of 
mesomorphic fibers by the addition of puiified seium albumin, when the 
pH of the medium is such that both have iiegatne chaigcs 

2 The amount of semm albumin lequitcd to cr^^stalh/c the \iius de- 
pends upon the ionic stiength At pll 5 2, the pi oduct of the ionic strength 
and the seium albumin concentiation icquiicd just to piccipitate the mitis 
IS appioximatelj’’ a constant 

3 At constant ionic strength, the amount of seium albumin rciiuircd 
to piecipitate the virus is gieatei at pII 5 2 than at pi I 5 8 

4 The mesomoiphic piccipitates are composed, largely, if not entirely, 
of virus 

5 "When the pll of the medium is between the isoelettiic points of the 
vnus protein and the albumin, the viius docs not picciiiitatc at high \ alucs 
of ionic strength but does piccipitate when the ionic strength is eonsidcrabh 
less than 0 1 
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LIPOTROPIC ACTI^^TY AND TOXICITY OF METHOXININE 

(OXYI^IETHIONINE) 

Bt C BOYD SHAFFER o,d FR4.XCES H CRITCHFIELD 

(From the Mrilltph Fellowship on Chemical Hygiene, Mellon Institute, Pithhurgh) 
(Recei\ ed for publication, March 3, 194S) 

Methoxinme (DLr-2-ammo-4-metlioxybutanoic acid) has been sjTithesized 
b}-- Roblm and coworkers (1), ■nho studied its action on Escherichia coh 
and Staphylococcus aureus The growth-mhibitorj effect of this compound 
^\as prevented by L-methiomne but not by the n isomer 1 mole of di/- 
methionme reversed the antibacterial action of 500 to 1000 moles of dl- 
methoxmme In combmation mth sulfonamides a sjmergistic bacteno- 
static effect 4\as produced by metho\mme 

Methovmine was of mterest to this laboratorj as a tool m an m% estig r- 
tion of the protective action afforded by mcthionme agamst the hepatotovic 
effects of certam chemicals m protem-deficient states Pro%uded certain 
conditions were fulfilled, it might be possible bj the use of the on gen 
analogue to distmgmsh beti\een anj' effect of methionine due to its spanng 
or replenishment of sulfhydrjl enzjme systems (2) and such effect as 
might result solely from its role as a lipotropic factor (3) Before such a 
demonstration might be made, houeier, it was first nccessarj' to establish 
that methoxinme does possess lipotropic actintj, in addition to being 
devoid of toxic manifestations that might othennse complicate the expen- 
ment The work desenbed m the present report shon s that the lipotropic 
activity does indeed exist, but that methoxinme exliibits an order of toxaciti 
that would probably preclude its use m the connection indicated 

EXPERIMENT VL 

DL-Metho\mme was synthesized' by a modification of the procedure of 
Roblm el al (1) The final product melted m a range of 249-251° (cor- 
rected) with decomposition and effenescence The rate of heating na^ 
about 2° per minute aboi e 230° Elementarv analj sis gai e the follonng 
results 

CiHuOiX Calculated C 43 10, H 8 33, X 10 52 
Found •• 44 4C, “ SOO, " 10 39 

The expenmental animals were Rockland rats of the Sherman strain, 
weighing between 130 and ISO gm Equal numbers of both males and fc- 

’ Tbc authors arc indebted to Mr Jo-epli Fugger, Departimrit of Clicini=tn , 
Lnucrhitj of Pittsburgh, for the synthesis of the DL-mcthoxinine, nhich wno p''r 
formed under the direction of Dr Klaiio Hofmann of that Department 
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LIPOTROPIC EFFECT OF METIIOXININE 


males were used In Scucs I foiu groups of ton rats each -were fed n hpo- 
genic diet for a peiiod of 21 days, and the supplements of methoxininc or 
DL-methiomne^ (or both) wcie given m distilled watci solution by stomach 
tube In Senes II, the ammo acids wcie incoi pointed into the basal diet 
to the extent of 0 5 pei cent of the latter 

The basal diet consisted of laid 40, casein 5, sucrose 40, salts (4) 4, and 
cellulose 5 Each animal leceivcd dailj' a tablet suppling appioximatcly 
25 7 of thiamine hydiochlondc, 100 7 of calcium pantothenate, 25 7 of 
pyiidoxine hydrochloiide, and 25 7 of iiboflavm In addition, 3 drops of 
a mixtuie of 50 ml of Natola^ and 1 gm of .’a-tocophci ol ucrc given 
weeldy 

In Senes I, Gioup I sensed as controls, and the othcis were given the 
following supplements daily by stomach tube in about 2 ml of distilled 
u^atei solution Gioup II, SO mg of mcthovinine, Group III, .50 mg of 
methionine, and Gioup IV, 50 mg of metho\inino plus 50 mg of methio- 
nine The last gioup was included foi the pm pose of obseiving any 
possible antagonistic effect between the tw o compounds The expei imcnts 
of Senes II became necessaiy when it was found that the animals in Group 
II abov'-e did not suivuv^e the 21 day expcnmcntal period In Senes II, 
therefore, the ammo acids w'eio fed in the diet Group I of Senes II is 
likewise a contiol, Gioup II recemed a diet containing 0 5 per cent methio- 
nine, and Gioup III, one containing 0 5 pci cent mctho\ininc Because 
of the limitation of the quantity of metho\mine av ailablc, no gi oup com- 
parable to Gioup IV of Series I could be included 

All gioups weie maintained on the experiment foi 21 days Food intake 
and body weight weie lecorded weekly At the end of this period, the 
animals weie exsanguinated by decapitation undci light nembutal anes- 
thesia, and the hvei was lemov^ed, weighed, and analyzed foi total fatty 
acids plus cholesteiol by chi ornate oxidation (5) The kidneys v\cre 
weighed (combined weight) and poitions of each fixed for histological 
examination 

In the lipide analyses, the liveis weie giound m a Waimg blcndoi vvnth 
a small quantity of ethyl alcohol, and the pulp tiansferied quantitatively 
to a volumetiic flask with additional alcohol Sufficient eth}'! alcohol and 
eth5d ethei weie then added to fill the flask to the maik with a 3 1 propor- 
tion of the two solv^ents, lespectively The flasks wcie selected to give a 
minimum volume of 20 ml of alcohol-etlici mixture to I gm of wet weight 
of liver tissue, and the tissue pulp w^as allowed to icmam m contact wuth 
the exti acting fluid, vnth occasional shaking, foi at least several hours be- 

= From General Biochemicals, Inc , Chagrin Falls, Ohio 

= A Parke, Davis and Company preparation contaimng 55,000 U S P units of 
vitamin A per gm and 11,000 U S P umts of vitamin D per gm 
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fore abquots of the latter were removed for saponification of the contained 
hpide No heatmg was mvolved in the extraction procedure The 
eqmvalence, 1 mg of fatty acid plus cholesterol equals 3 7 ml of 0 1 x 
dichromate, which is employed m blood anatysis, v as arbitrarily taken for 
use m this work The total fatty acids plus cholesterol are expressed as 
percentage of wet weight of the hver 

Tabix I 

Influence of Methionine and Methoxinine Supplements, by Stomach Tube, on Rats 
Receiving Lipogenic Diet (Senes I) 


Group I ammals were the controls. Group III received 50 mg ofmethiomne 
daily, and Group W received 50 mg of methiomne and 50 mg of methovimne dailj 



GrcDp I 

Group in 

Group I\ 

Food intake, gm per rat per day 

4 1C 

4 11 

4 24 

Weight loss, gm 

16 60 

13 20 

34 40* 

Liver weight, % of body weight 

6 10 

6 33 

Km 

Kidnej " % of body weight 

0 87 

0 92 


Liver hpide, % of wet organ weight 

19 90 

14 90* 



• Deviation from Group I Btatisticall> sigmficant 
t Deviation from Groups I and III statistically significant 


Table II 

Eflecl of Incorporating 0 B Per Cent Methionine and 0 5 Per Cent Methoxinine, 
Respeclirchj, in Lipogenic Did (Series II) 

Group I ammals nere the controls, Group II received the methiomne supple 
mented diet, and Group III the methoxinine supplemented diet 



Croup I j 

Group II j 

1 Grenp III 

Food intake, gm per rat per day 

6 22 

5 76 I 

j 4 3S 

Weight loss, gm ] 

24 10 

26 50 1 

1 52 30* 

Liver weight, % of body weight ] 

6 2S 

4 77* i 

5 SO 

Kidnej “ % of body weight | 

1 0 S2 j 

0 S7 

1 03* 

Liv cr lipidc, % of wcl organ weight | 

1 IS 10 

5 60* j 

S 70* 


•Deviation from Group I statisticallj significant The liver Iipide values of 
Groups II and III are not sigmficantlj different 


Results 

Table I presents the means of the results obtained in Penes I in which 
the ammo acid supplements were given m fixed quantitv bv stomach tube 
All the animals m Group II of this senes died between the 12th and 20th 
dajs of the experiment, and arc therefore excluded from anv companson 
Table II sets forth similar data for the animals in Senes II, in which the 
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basal diet was supplemented to the extent of 0 5 pei cent mothionme and 
0 5 per cent methoximne, respectivelj'’ 

DISCUSSION 

All gioups of animals m both senes lost weight during the experimental 
period, and both the iveight loss and food inlake neic imnlTected by supple- 
ments of methionine The addition of 0 5 pci rent methoximne to the 
basal diet did not altei food consumption, but it maikedly aecelcialcd the 
loss in weight On the basis of the mean food intake of the gioiip, a lc\cl 
of 0 5 pel cent methoximne m the diet leprescnts an intake of 22 mg per 
rat pel day as compaied with the 50 mg per rat pei daj that pro\cd 
lethal to the animals m Group II of Senes I undci similar conditions 
Wlule no attempt has been made to compaie the initial food consumption 
of this gioup mth that of the othcis, it may be stated that the ajipetite of 
the animals (Group II) was seveiel}' depicsscd The combination of a 
nehrly equimolar amount of methionine nith the methovinine (Group IV, 
Senes I) brought the food intake up on a pai y ith that of the othei groups 
and permitted suivival for the experimental peiiod, but did not accomplish 
a reversal of the weight loss 

A direct evaluation of the lipotropic activity of methoximne is not jios- 
sible from the data in Senes I because all the animals m Group II died 
befoie completion of the expenmont But the fact that the combination of 
methoxmme and methionine, as used in Gioup IV of this senes, brought 
about a significantly gieatei i eduction in hvei lipidc than the methionine 
alone is mdicative of a hpotiopic effect of the oxygen analogue Dnect 
evidence is affoided in Senes II, in which the addition of 0 5 per cent methox- 
inme to the basal diet pioduccd an effect on Inei lipide equal to that of 
methionme In both senes the food intake of each group nas statistical!} 
identical with that of the othei s, so that vai nation in food consumption is 
not a factoi in the lesults obtained 

That methoxmme possesses consideiable toxicitv under the conditions 
of these expenments is manifest m the complete mortality m 12 to 20 davs 
of the gioup leceivmg 50 mg pei rat per day and the oxtieme y eight de- 
pletion of the animals mgestmg it as 0 5 per cent of the diet The mech- 
anism of such a toxic effect is not appaient from this ivoik It may be 
pomted out, howevei, that, if this effect repiesents an mteifcience ivith 
methionme metabolism, it is clearly not the tiansmethylation function of 
the lattei that is blocked Moieovei, the fact that the toxicity is only 
slightly counteracted by the simultaneous admmistiation of a piactically 
equimolai quantity of DL-methionme leads one to believe that some factoi s 
othei than this specific metabolite antagonism are opeiative 

The patholog}’- observed microscopically m sections of the livei cor- 
related reasonably well with the amount of fat found by chemical analysis 
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It IS worth} of note that the anal}i.ical results revealed a greater hpide 
content of the h-\er vhen methionine was given by stomach tube (50 mg 
per rat per day) than when it was added to the diet, even though the dietaiy 
supplement calculated on the basis of the food mtake was only 29 mg per 
rat per day The microscopic sections showed, correspondmgly, a more 
extreme fatty mfiltration m the former mstance The sections of kidney 
v ere particularly mterestmg m that those from the animals that succumbed 
to the 50 mg per da} dose of methoxmme exhibited vaixung degrees of 
tubular damage, frequently v ith glomerular mi olvement Some tubular, 
and occasionally glomerular, changes were found m many of the animals, 
irrespective of groupmg, but the changes m Group II of Senes I were more 
extensn e and severe than m any other This condition seems to hai e been 
amehorated to some exient by the simultaneous admmistration of methio- 
nine as judged from the patholog}*- m Group IV of Senes I 

SUXDIART 

1 With rats fed a diet contammg 5 per cent casern and 40 per cent 
lard, a supplement of 50 mg of methionme plus 50 mg of methoxmme per 
rat per day effected a sigmficantly greater reduction m the hpide content 
of the liver than did 50 mg of methionme alone 

2 Addition of either 0 5 per cent methoxmme or 0 5 per cent methionme 
to the basal diet levered the hpide content of the In er to the same degree 

3 The admmistration of 50 mg per rat per da} of methoxmme to am- 
mals fed the basal diet produced complete mortalit} of the group m 12 to 
20 days, vuth sigmficant kidney patholog} endent microscopicall} Addi- 
tion of 50 mg of methionme to this dose raised the lei el of food consumption, 
permitted sumval oi er the ex-penmental penod, and reduced the sei eriti 
of kidney damage, but did not prevent a sigmficantly greater depletion 
of body V eight as compared to the controls or to the group recenung methio- 
nme alone This accelerated rate of weight loss vas also obserxed m those 
animals fed the basal diet contammg 0 5 per cent methoxmme (22 mg 
per rat per da}), although no mortalitie': occurred m this group oxer the 
penod indicated 

The authors arc grateful to Mr Carrol & Wed of this Fellowship for 
statistical anal} sis of the results of this mi estigation 
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STUDIES OF PYRIDOXINE DISPLACEMENT 

By GUSTAV J MAHTDT, SOUREX AVAKIAX, A^■D JA.CK MOSS 

(From the Research Laboratories, The National Drug Company, Philadelphia) 

(Received for publication, March 11, 194S) 

Relatively little "work has been done -with pj-ndoxine displacers Ott 
(1) found 2,4-diinethyl-3-hydroxy-5-hydroxjTneth}dpjTidoxine (desovjTi}- 
ndoxine) to be a \eiy potent inhibitor of pjTidoxine in the metabohsm 
of the chick 2 molecules of inhi bitor were sufficient to offset the 
vitamin activity of 1 molecule of pjmdovine In the course of an inves- 
tigation of antimalanals, iMcCasland el al (2) sjmthesized 2-methjl- 
4-hydrovy-6-hydrox3’meth}lpj'nmidme and a number of closelj related 
compounds which are analogues of pjaido-one No statement was 
made of their actmty The second paper bj' this group (3), reports the 
sjmthesis of 2 jG-di-OiydroxjTnethyO-l-hj dro\y-5-methv lp}*nmidme hv dro- 
chlonde which is the piTinudme analogue of p 5 Tido\ine Tests for anti- 
pjTidoxine actmty of this compound showed it to be inactive Ott* 
found 2-methyl-3-h3 droxj -t-methoxj'methj 1-5-hv drovjTnethj IpjTidmc 
(methoxjTijTidoxme) to be nearly as effectiv e a pjTidovine displacer in the 
chick as w as desoxypjTidoxine Mushett cl al (4) hav e reported on the 
pathologic effects produced by these tw o analogues of pjTidovine Atrophv 
of the IjTnphoid tissues seemed to charactenze the histopathological 
picture The effectiveness of' desoxv’pjTidovme in the rat has been re- 
ported (5) The Merck group (6) has studied the effect of p 3 Tido\ane- 
displacing agents on the metabolism of triptophan From this stud 3 , it 
was concluded that desox 3 Ti 3 Tidoxine mterfered with some phase of tn pto- 
phan metabolism Reccntl 3 , Beiler and Martin (7) found deso\- 3 'p 3 'n- 
doxine to be ineffective as an inhibitor of the action of t 3 Tosine decarboxw 1- 
ase Phosphorv lated desox 3 'p 3 ndoxine, on the other hand, displace^ 
P 3 ndoxal phosphate in the t 3 TOSine decarboxi lase S 3 stem 

EXPEIUVIEXTVL. 

Sev eral analogues of p 3 Tidoxme w ere prepared and tested with desoxi - 
P 3 Tidoxane as the standard These chemicals included 2-acetox3-3,5- 
diacetox' 3 Tneth 3 Itoluenc, 2-meth3 l-3-h3 droxw -4-dimeth3 laminometh 3 lp 3 - 
ndinc, 2-meth3'l-3-h3drox-3-4-h3drox3Tneth3lp3*ndinc, and 2-ethvl-3- 
nmino-i-ethox 3 'meth 3 l-5-ammometh3 IpvTadme The compounds were 
prepared m accordance wath the followang procedures 

1 Olt, V H , personal communication, cited in (4) 

405 
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2-Aceloxy-S^S-diacclo%ymcthyliohicnc was pieparcd according to the 
method of Biuson and hlachlullcn (8) IK) gm of 40 j?ci (cnt fo/maldc- 
hyde weie added with stinmg to a mi\tmc of 5J gni, of o-cicsol and 1.10 
gm of 33 pel cent d)metli 3 dammc ovei a peiiod of 1 lioin The temp- 
eratine was kept at 25-30° dining the addition and (lien lawcd to 00-05° 
Aftei 15 houis the piodvict \ias scpaiatcd, diicd, and distilled iiiidci 
leduced piessuie The jneld of the pine piodud, hp 11.5-117° at 0 3 
mm piessuie, was 31 gm of 2-h3'dio\3^-3,5-l)is(dimelInd.imniomefln 1)- 
tohiene 

A mixtuie of 30 gm of 2-hjaho\v-3,5-bis(dimctln ]amniomethvl)lolnenc 
and 50 gm of acetic anhydiidc was lieatcd at 00-05° foi 2 houI^ .nid then 
lefluxed foi 1 5 houia Distillation yielded 30 gm of pioducl boiling at 
155-160° at 0 3 mm This was e\ti acted with 1 x hydiochloiic acid and 
ledistilled to give 27 gm of 2-acoto\y-l,5-diaccto\vmclhvltolueiie boiling 
at 158-159° at 0 3 mm , /in'' 1 4997 

Analysis — C ieHisOc Calculated, CIljCO — 13 8, found, ClbCO — 13 0 

2-Methyl-S-hydroxy-4-hydi oxymcthylpyi uhne Jlydi ochlo) idr — A sol u tion 
of 23 gm of 4-clieth3daminometh3d-3di3’’dio\3’’-2-meth3 Ipi iidiiic (0) in 31 
gm of acetic anhydiide was heated at 90-95° foi 3 houis and then refluxed 
for 1 houi The lesulting mixture was di''Solvcd in water, ncutiali/cd 
and extracted with ethei Distillation gave 23 gm of ]>ioduct boiling at 
135-136° at 0 3 mm The hydi ochloi idc melted at 161-162° 

5 gm of 4-aceto\ymeth3d-3-aceto'c\’'-2-methvIp3uidinc were dissohed 
m 200 cc of 2 N h3^drochloiic acid and the solution refluxed for 12 liours 
The solvent was evaporated undei i educed picssure and the lesidue re- 
ciystallized fiom ethyl alcoliol, m p 165-166° 

Analysis — C tHsOjN HCl Calculated, K 7 98, found, N 8 IG 

2-Me(hyl-S-hydioxy-4-dtme{hylamtnomelhyIpy)idine — A mixtuie of 16 4 
gm of 2-methyl-3-hydroxypyndme (10) and 18 gm of 33 pei ccntdimethyl- 
amme w^as dissolved m 40 cc of water and 13 5 gm of 40 per cent foimal- 
dehyde were added ovei a peiiod of 1 hour The mixtine was allowed to 
stand overnight, the clear solution was heated to 90-95°, satin ated with 
sodium chloride, and the oily layei sepaiated Distillation gai^e 11 gm 
of product boiling at 75-76° at 0 5 mm The hydiochloride melted at 
223-224° 

Analysis— C9H14ON2 Calculated, N 16 86, found, N 16 93 

Preparation of 2-ethyl-S-amino-4-Bthoxymeihyl-6-at)unomethylpyrirltne di- 
hydi ochlonde occuiTed by a senes of reactions analogous to those used by 
Hams and Folkers (11) m the preparation of pyndoxme 
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To the stirred suspension of sodium amide was added m 5 mmutes a 
solution of 0 3 mole of ethyl methyl ketone m 100 cc of ether After 5 
mmutes 0 4 mole of ethyl ethoxyacetate m 100 cc of ether was added and 
the stirring vas contmued for 2 hours at reflux temperature The mix- 
ture was poured into 300 cc of water, neutralized with dilute hydrochlonc 
acid, and extracted mth ether The solvent was distilled from the ether 
solution, the residue added to a hot filtered solution of 40 gm of copper 
acetate m 350 cc of water, and the mixture allowed to stand for 4 hours 
The copper salt of the diketone vas filtered, washed with hgrom, and re- 
crystallized from methyl alcohol The jneld of pure product, m p 137- 
138°, was 20 gm or 33 per cent 

The copper salt xvas stirred with 300 cc of 10 per cent sulfunc acid and 
200 cc of ether The acid lajer was again extracted mth ether and the 
combmed ether solution dried over sodium sulfate The sohent vas dis- 
tilled and the residue fractionated in vacuo through a 30 cm ^^gien column, 
b p 93-95° at 13 mm The product was l-ethoxy-2,4-he\adione 

To 63 gm of cyanoacetamide, dissolved m 450 cc of hot ethyl alcohol, 
102 gm of l-ethoxy-2,4-he\adione and 10 cc of pipendme were added 
with shaking The mix-ture was allowed to stand o\emight, cooled, and 
filtered The yield of 2-ethyl-4-ethoxymethj 1-5-cj ano-6-pjTidone, after 
filtration and crj'stallization from alcohol, was 115 gm , mp 174-175° 

To 10 gm of 2-ethyl-4-ethoxjTneth3l-5-c3ano-0-pxTidone m 30 cc of 
acetic anhydride contaming a little urea were added, with coohng and 
stirrmg, 4 5 cc of fummg mtnc acid The reaction temperature was kept 
between 5-10° during the addition The reaction ranxlurc was kept at 
this temperature for 10 minutes and then at 25-30° for half an hour The 
mixture was poured into ice and the crj^stalline product filtered after 3 
hours The jueld of 2-ethyl-3-mtro-4-ethoxjTnethjl-5-cyano-6-p\Tidone, 
m p 125-127°, was 4 gm Reciw'stallization raised the melting point to 
127-128° 

A mix-ture of 30 gm of 2-ethjl-3-nitro-4-cthox3'methxl-5-cjano-0-pj'n- 
done, 35 gm of phosphorus pentachlonde, and 250 cc of chlorobenzene 
was heated at reflux temperature for half an hour and then at such a rate 
as to distil 150 cc of the chlorobenzene in 3 to 4 hours The remaining 
solvent was removed at 10 to 15 rom Tlie xascous residue was heated 
with 80 cc of 10 per cent ethyl alcohol, the resulting mi\i.ure v as extracted 
with ether and dned o\ er sodium sulfate The ether was distilled and the 
residue exlracted twice wnth 250 cc of boiling petroleum ether Tins 
extract was concentrated on a steam bath and then cooled slowly to 10° 
Tlie precipitate 2-etlul-3-nitro-4-ethox3'meth}.l-5-cj ano-6-chlorop\ndinc, 
after filtration and recta stalhzation, melted at 52-53° The Mcld wa= 5 
gm 
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A solution of 27 gin of 2-ethyl-3-nitro-4-etlio\ymct1iy]-5-cynno-()-diloro- 
pyndine (m p 50-52°) in 175 oc of alcohol isas shaken m the presence of 
0 5 gm of Adams’ catalyst with hj’’drogon at a picssure of 50 pounds 
The hydrogenation was stopped after 3 moles of hydiogcn had been ah- 
soibed and the mi\tuie was allowed to cool 'J’hc alcohol i\as decanted 
and the pioduct e\ti acted with hot alcohol Thus M grn of pure 2-ethyl- 
3-amino-4-etho\Tmeth3d-5-cyano-0-chloiopyndine, mp 121 -122°, Mas ob- 
tained 

A solution of 3 5 gm of 2-eth3l-3-ammo-4-otho\3'melh3l-5-c'\ana-0- 
chloiopyiidinc m 140 co of glacial acetic acid uith J 2 gm of sodium ace- 
tate, 0 3 gm of Adams’ catalyst, and 5 gm of 10 pci cent palladium ( ban oal 
catalyst ivas shaken Mith hydiogcn at a piessuic of 50 pounds until 3 moles 
had been absoibed (5 houis) Aftci filtciing off the eatal3’'‘'t the solyent 
was evapoiated undci leduccd picssure, and the lesiduc e\tia(lcd uith 
alcohol and separated fiom sodium chloride The alcoholu solution uas 
satuiated unth dr3’' h3'-diogen chloiidc and (he dilndioehloiide precipitated 
b3'' addition of acetone The yield of the pine thlndiochlonfle of 2-eth3l- 
3-amino-4-ctho\3miethyl-5-aminomethyIpyiidine, mp 211-215°, uas 12 
gm 

Analysis — CnHisONj (2HC1) Calculated, N It SO, fnuiul, NM t 03 

The stiuctuie of 2-ethyI-3-amino-4-ctho\3meth3l-5-amuiomellnlp3- 
iidine was established thiough the following icactions 


CH2OC2H6 



CHiOC-Hs CII-Br 



A solution of 1 gm of the dih3’'di ochloi ide of 2-ctln l-3-ammo-4-etho\y- 
methyl-5-amlnometh3'■lpylldmc m 20 cc of ivatci was added simultaneously 
wnth a solution of 2 gm of sodium niti ite to 40 cc of hot 2 5 x 113 di 0- 
cliloi ic acid The solution was coiiccnti alcd to di 3 Tioss undei 1 educed pres- 
suie and the lesidue wsashed with acetone The dih3 dio\y hydi ochloi ide 
w^asevtiacted fiom sodium chloiidc wath absolute alcohol and the extract 
evapoiated to di3’'ness 

The ciude lesidue was lefluxed wath 25 cc of 48 per cent hydrobiomic 
acid foi half an houi , cooled in ice w^atei , and filteied Tw o cr3'’stalhzations 
from ethyl alcohol gave the puie compound wath the same melting point 
as that given by Hams (12) foi 2-eth3d-3-hydio\3^-4,5-dibiomometh3dpy- 
iidme h3'’drobromide 

The method used m testing these agents was to emplo3’’ the medium of 
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Atkin ei al (13) and the technique of 'Wilhams et al (14) The test micro- 
organism 1,1 as Saccharomyces cerevisiae, G jM 
2-Acetoxy-3 ,5-diacetoxjTnethyltoiuene and 2-methj l-3-hj'droxj'-4:-di- 

Table I 

2-Elhyl-3-amino-i-eihoxymethyl-B amtnomethylpyridine As Pyndoxtne Displacing 

Agent 


The results are expressed in readings on the Ixlett photoelectric colorimeter 


P>ridoxinc 

concentration 

Concentrations / per 10 ml 

1 ° 

1 

10 

100 

1 1000 

lOO^X) 


2-Ethjl 3-amino-4-ethoxymethjl 5 aminomethjlpiridine 


7 per 10 rrl 

0 

i 

102 

85 ' 

70 

63 

00 

52 

0 01 

146 

103 ! 

90 1 

85 

OS 

51 

100 04 

151 

108 

102 

89 

90 

03 

1,000 04 1 

155 j 

128 

123 

lOS 

100 

95 

10,000 04 

158 

143 

123 


130 

102 


Desoxypyridoxine concentrations 


0 

110 

123 

no 

SO 

66 

43 

0 04 

160 

123 

111 

80 

74 

Co 

100 04 

ISO 

136 

123 

118 

100 

92 

1,000 04 

185 1 

154 

150 

148 

145 

125 

10,000 04 

195 

185 1 

185 

1 180 

175 

1 135 


Table II 

Displacement of Pyndoxal by Desoxypyndoxinc 


IClett photoelectric colorimeter readings 


P>ndoial 

concentration 

Dcsorj-pj ridoxine concentrations y per 10 nl 

0 

1 

10 

lOT 

lOOC 

lOOOO 

7 per 10 ni 







0 

90 

120 

108 

72 

53 

40 

0 0005 

162 

140 

135 

70 

58 

43 

100 0005 

194 

200 

100 

132 

SO 

72 

1000 0005 

257 

2^6 

245 

225 

120 

101 


The ratio is approximateh 1 1 in higher concentrations of metabolite and dis 
placer 


methj lammomcthj Ipmdme Mere inactnc 2-Mcthx 1-3-ln droxx - 
droxxTnctln IpjTidme x\as actue xnth an mhibitor-metabohtc ratio of 2,50 
2-Ethj l- 3 -ammo- 4 -ctho\XTneth 3 1-5-aramomcthj IpxTidine xias found to lx; 
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PYRIDOXINK DISPLACCMHNT 


a more powerful inhibitor of pyridoxine than was clcsoxypyHcIoxinc 
Table I piesents an expeiiment showing comparative results 

The effectiveness of dcsoxypjuidoMnc was tested against pyiidoxal in 
Older to check the possibility that displaccis foi one foim of vitamin B« 
might not be displaccis of the othci foims The icsiilts piesentcd in 
Table II clearly show tlie effeci i vcncss of deso\vp^ iidoMne in di'^planng 
pyridoxal 

To date, only se\en compoimds have been tested .is jij iidoMiie-dis- 
placing agents It is theieforc impossible to genei.ah/e tonceining the 
structuie of active agents 


SUMMAni 

Four compounds structuially iclatcd to pyiidoxine were syntlicsi/ed 
and tested as possible displacing agents Of these, 2-mcl)i}d-3-liyc]ro\'i -I- 
hydroxymethjdpj'Tidine and 2-cthyl-3'amino-‘l-etho\vmcth\ l-.5-amino- 
methylpyiidme were found active 
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It was pre^^ously reported by us (1) that erythrocytes contain an enzj-me 
capable of splitting inorganic pjTophosphate in the presence of magnesium 
ions The presence of the enzyme in erj'-throcytes was mentioned bj 
Jenner and Kay (2) and by Roche (3), but the properties of the enzjme do 
not seem so far to have been im estigated in detail The pjTophosphatases 
of some bacteria vere studied m some detail by Pett and Wynne (4) 
Bailey and Webb (5) also have studied the pjTophosphatase of jeast 
They found that the enzyme was specifically actn ated by magnesium ions, 
and that the actn ation by magnesium was antagomzed by calcium The}’ 
also suggested that the yeast pyrophosphatase might be an SH enzjme 
The results of a detailed im estigation on the eiythrocjde pjTophosphatase 
are outlined m this paper 


EXPERUtENTAIi 

Reagents — Glass-redistiUed water and as far as possible ICahlbaum chem- 
icals were used throught the m\ estigation 

1 Substrate 0 01 m sodium pj'rophosphate Pure sodium pj rophos- 
phate vi as prepared by heating disodium phosphate in a platinum crucible 
to a red heat until an aqueous solution of it gai e no blue color w ithin 10 
mmutes vith Fiske and Subbarou 's (G) reagents for orthophosphate V 
stock solution of 0 01 si pyrophosphate adjusted bj’ diluting to pH 7 6 with 
normal HCl u as prepared 

2 Actn ator 0 1 ii magnesium chloride 

3 Buffer hlichaelis’ (7) a cronal-acetate buffer at pH 7 GG 

4 Enzjme About 10 ml of \enous blood vere collected in a 15 ml 
graduated centrifuge tube containing the minimum amount of lithium 
oxalate (or 3 drops of 0 1 m “sodium oxalate) and carefully’ mixed The 
blood is centrifuged at 5000 n p xt for about 10 minutes Tlie x olumes of 
the packed red colls and the plasma were noted, and the plasma w as pipet- 
ted out 1 ml of the packed erythrocj'tes was nccuratelx measured into 
another centrifuge tube containing normal saline By careful manipulation 
of the pipette it is possible to draxv out only the red blood cells The mca-- 

601 . 
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uied volume of the eiythiocytes uns uashccl uitli 10 volumes of nornnal 
saline at the centiifuge Tv ice u ashing u itli saline v as found to be unncc- 
essaiy The supernatant saline was pipetted and the eiythiocjles -ucrc 
diluted to 10 volumes vith vatei By shaking, a cleai hemolj^-ate vns 
obtained The enzyme solution thus prcpaicd keeps ils poferuv for moic 
than 2 days, piovided it is kept in the ice chest in a glass-stoppeied flask 
Thereaftei the enzyme sti ength gi aduallj'’ den cases At i oom temperatui c 
the enzyme lapidly dcteiioiatcs, and theiefoic the hemolysnte should be 
kept in the ice chest as soon as it is picpaied, and aliquots taken at the time 
of assay of the enzyme Some piepaiations, and pai liculaily Iho^e from 
guinea pig eridhrocytes, letaiiied full activity for moic than a ueck uhen 
kept m the ice chest But geneially no piepaiation uhich vas more than 
3 days old was used in the immstigation Attempts to remove the hemo- 
globin fiom the enzyme piepaiation by shaking w ifh chloioform resulted in 
loss of the enzyme activity 

5 Fiske and Subbarow’s reagents foi the estimation of orlhophosphate 

( 6 ) 


Assay of Eiyfhrocyte PyropJiosphala'sc 

Into a Pyre\ test-tube (5X1 inches) uere measured 3 ml of the buffer 
(pH 7 6), 1 ml of 0 1 M magnesium cliloridc, 0 5 ml of the enzj-me, and 0 5 
ml of 0 01 M sodium p 3 T'ophosphate The contents were mixed and the 
tube Nvas placed in a theimostat at 37° for 30 minutes The reaction was 
stopped by adding 2 5 ml of 10 per cent trichloroacetic acid, the tube 
shaken, and after it had stood for 2 to 3 minutes the contents were filtered 
Aliquots of the filtiate w ere diluted to 5 ml and the oi (hophosphatc content 
ivas estimated by Fiske and Subbarow’s method with dilute phosphate 
standaids (5 ml = 0 08, 0 04, and 0 02 mg of P) A control experiment 
(blank) w as also set up sunultaneously, and the substrate added only after 
the incubation and just befoie addition of the tiicliloioacetic acid 5 ml 
of filtiate were used foi the estimation of phosphoi us w ith w eakei standaids 
Dm mg the coloiunetric estimation the colois must be compaied within 5 
minutes after the molybdate and the aminonaphtholsulfomc acid reagents 
are added Otherwuse highei xmlues w eie obtained, ow mg to the hj di olj'sis 
of the pyi ophosphate bj'’ the 0 5 N sulfuric acid, and after 15 minutes x allies 
more than 10 per cent higher were obtained The phosphorus equivalent 
of the 7 5 ml of the filtrate of the contiol was subti acted fiom that of the 
experunent, and the xmlue multiplied by 20 to give phosphorus, in mg , 
liberated by the amount of the enzyme present in 1 ml of the eix thiocjdes, 
which is arbitrarily taken as the of pyi ophosphaiasc 
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Properties of Erythrocyte Pyrophosphatase 

Magnesium Actuation — ^At the outset it was found that without added 
magnesium ions the pyrophosphatase actmty of both the erythrocj tes and 
the plasma n as negligible, but by the addition of magnesium ions to a con- 
centration of 0 02 M, the erj throcjde enzjune actmty mcreased to more 
than 100-fold, "vihereas actmty of the plasma enzjune remained practically 
the same * 

The influence of the addition of ^ ar5nng amounts of magnesium chlonde 
to the erythrocyte en2yme buOfered at pH 7 66 ■nas studied, and it was 
found that at \ery low and at veiy high magnesium concentrations the 
enzyme actmty decreased, shoning therebj an optimum range for full 
activit3'^ This range hes between 0 02 w and 0 05 m concentration of mag- 
nesium In Fig 1 gMg, a term introduced bj' Jenner and Kay (2), is 
plotted against the enzjnne actmt3’', expressed as per cent standard assa3 
(Standard assay refers throughout to the assa3' under the standard condi- 
tions, given above ) 

From Fig 1 it can be seen that rather a high concentration of magnesium 
is required for optunum actmt3’- The enz3Tne resembles the er3throc3 te 
alkaline phosphatase (acting on glycerophosphate) m hamng magnesium 
as an activator, vhereas the er3'throc3’te acid phosphatase (acting on 
phenyl phosphate) is reported (8) to be mhibited b3 magnesium I'anous 
other phosphatases and p3T:ophosphatases possess an optunum magnesium 
concentration much less than that of the er3i,hroc3'te p3Tophosphatase 
Yeast p3Tophosphatase (5) requires an optimum gMg of 2 7, and bacterial 
P3Tophosphatases (4) require a gMg of 2 5 for Clostridium acctobutyhcum 
and of 4 5 for Propionibactci lum jenscnii, the er3d:hroc3 te alkalme phospha- 
tase has a glMg of 2 4, the only other eiuyme that requires a high magnesium 
concentration is aminoeth3lphosphatase (9) from feces It is reported 
that this enzyme requires a concentration of 0 08 to 0 1 m magnesium, 

* A number of experiments were conducted with plasma as well as with the laked 
red blood cells of the same blood under the same experimental conditions as for the 
assaj , but with 1 5 dilution of plasma instead of 1 10 erxthroextes In almost all 
cases there w as negligible acti\ ation of the plasma p\ rophosphatase as show n bj the 
actnities with and without added magnesium The xalucs when magnesium was 
not added were \cr\ ncarh equal to the blanl^ (i c , substrate added after 10 minutes 
incubation), and in a few cases thex arc exen less than the blanks, the difference 
being small and within experimental error In one case of postarsonical jaundice, 
with a plasma bilirubin of 5 units and an icterus index of 20, a marked actuation of 
the plasma px rophosphatase bx magnesium was found the actuation being about 
70 per cent of that of the crxthrocjtc px rophosphatase of the came blood sample 
But after 1 week, the same patient’s blood xxas tested, and the plasma was found to 
haxelost its actuitx 
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Avheieas the ammoethylphosphaiasc from the kulncy requires only 0 005 
M magnesium 

In connection ^\]tll Mg activation, one interesting point obscn'ccl vas 
that in those expeiimcnts in vhith tlie pjn ophosj^lmlc conccntiation vas 
0 02 M and above thcio v as tuibidity due to the precipitation of magnesium 



Fig 1 Magnesium nctiviition cun e 0 5 ml of on?} me (1 10 red blood cells), 
3 ml of buffer (pH 7 66), 0 o ml of 0 01 m sodium !>} rophosplmtc, and 1 ml of mag- 
nesium chloride to give various final concentrations of magnesium Incubation 
period, 30 minutes 

pyi ophosphate In Table I are given the lesults of the etlect of vaijnng 
amounts of the activatoi and the substiate on the activit}'^ of the enzjTiie 
Fiom the data m Table I it can be seen that the rate of hj^di clj’^sis is 
actuallj'^ incieased, lathei than being decieased Since piecipitation 
caused no depletion of the substrate, oi of the activatoi , it may be infeired 
that the activatoi -siibsti ate combination maj’’ be essential foi the niaximum 
activity of the enzyme It should also be noted that highei concentiations 
of magnesium produce an inhibiting effect on the enzyme 
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Protective Action of Magnesium on Enzyme — ^It was found that if the 
enzyme was incubated at 37°, pnor to the assay, with buffer alone and 
without magnesium, most of the enzyme activity was lost But on mcuba- 
tion with magnesium the enzyme was protected to an appreciable extent 
Table II gives the results of the enzyme activity after mcubation with 
and without added magnesium for different time penods before the assaj’’ 
The results support the view already advanced by Jenner and Kay (2) 
that the coUoid enzyme particle has a high adsorptive capacity for Mg 
ions, resultmg in enzymatic activity On mcubation of the enzyme v ith 
buffer without magnesium, the adsorptive capacity of the enzyme surface 


Table I 

Enzyme Activity with Increased Concentrations of Magnesium and 
Pyrophosphate, and Effect of Precipitation of Magnesium 
Pyrophosphate on Activity 

0 5 ml of enz 3 Tne, var 3 ang amounts of magnesium and pyrophosphate, and buffer 
to 5 ml Incubation period, 30 minutes 


Concentration of 
magnesium 

Conctntration of pyro- 
phosphate 

Precipitation due to mag 
nesium p>ropbospbate 

Activ it> , per cent of stand 
ard assa> 

a 

3/ 



0 01 

0 001 

Nil 

71 

0 01 

0 002 

Slight 

90 

0 01 

0 003 

It 

99 

0 02 

0 001 

Nil 

100 

0 02 

0 002 

Slight 

130 

0 02 

0 003 

Marked 

138 

0 05 

0 001 

Nil 

IW 

0 05 

0 002 

Marked 

135 

0 05 

0 003 

It 

135 

0 1 

0 001 

Nil 

87 

0 1 

0 002 

Marked 

122 

0 1 

0 003 

ft 

137 


is diminished, owmg probably to partial inactivation of the enzyme From 
Table II it can be seen that e^ en vhen magnesium is present there is gradual 
reduction of the actmtj' 

pH and Enzyme Aclmly — 3 ml of m/35 \ eronal-acetate buffer at \ arious 
pH t alues v ere incubated inth 1 ml of magnesium chloride, 0 5 ml of the 
enzj'me, and 0 5 ml of the substrate for 30 minutes, and the phosphate split 
vas estimated The reaction mLxture darkened m the tubes at pH 3 8 and 
belov In more alkaline reactions, that is aboie pH 8 9, there vas tur- 
bidity, due probably to the insolubihtj of both magnesium hj droxide and 
magnesium pjTophosphate Enzyme preparations of different ages vere 
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TABIiE II 

Protective Action of Magnesium on Enzi/mc 
0 6 ml of enzyme incubated at 37° witli 3 ml of bufTer, \u(h and without 0 1 ml 
of 1 M magnesium for dilTerent peiiods, 0 6 ml of 0 01 si p\ rophospbatc added to all, 
0 1 ml of 1 M magnesium to those that do not contain magnesium, standard ass i> 


procedure 


Enzyme preparation No 

Incubition period prior to^ 
assay 1 

Actu it> , per cent of slandartl n!?iy 

Willi mnrnc>;ium 

ithout mapncsium 

1 

1 

mtft 

1 


1 

15 

65 

6 

2 

16 

70 

12 

3 

16 

GG 

11 


30 

42 


4 

16 

73 

17 


30 

3S 

10 


GO 

20 

7 



pH 

Fig 2 pH-activity curve 0 5 ml of enzyme (1 10 red blood cells), 3 ml of buffer 
at various pH values, 1 ml of 0 1 m magnesium, and 0 5 ml of 0 01 m pyrophosphate 
Incubation period, 30 minutes 
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used and the optunum pH range was found to be the same m all cases Fig 
2 represents the pH-actmty curve The optimum pH range hes between 
7 4 and 8 2 

The enzyme differs shghtly from yeast pyrophosphatase (5) and bacterial 
pyrophosphatases (4) m ha\Tng the optimum pH more towards the alkahne 
side, as in the case of other mammahan pjTophosphatases (10) Practically 
neghgible activity v as shown b 3 '’ the enzjone at both the alkaline pH 8 6 
and the acid pH 4 9, w'hich correspond to the optimum for er3i;hrocyte 
alkaline and acid phosphatases respectively 

Temperature and Enzyme Activity — ^The enzyme activitj* was detenmned 
under standard conditions, but at varymg temperatures of mcubation In 

Table III 

Enzyme Activity with Temperature 

The enzyme v as assaj ed as under the standard assaj e’icept that the temperature 
was varied 


Temperature 

Phosphoras liberated per 1 ml cr> tbroc> tes 

Eozyme 1 

Eniyme 2 | 

EnzaTne 3 

c 

rtt 

mt 1 

rrf 

5 

0 48 

0 37 


15 ; 

0 75 



27 


1 63 


30 

2 45 



37 

3 71 

3 54 

3 00 

50 

3 02 


2 50 

57 


1 31 


67 


0 44 



Table III the results of study of three different preparations are git en It 
can be seen that the optimum temperature hes near the bodj' temperature, 
and that the optimum range is 30-50° At 67° the protein vas heat- 
coagulated in the first fev mmutes, v hereas at 57° there v as slight coagula- 
tion to^^ ards the end of the incubation 

Progress Cunc — ^The progress cuncs -were studied both vith moderate 
and verj' strong enzjTne preparations Cur\-e A of Fig 3 illustrates the 
results V ith modcratel 5 ' strong preparations, and Cun es B and C v ith a era 
strong preparations In the case of Cune A about 65 per cent hadroljsis 
of the substrate occurs in 3 hours and thereafter the actmta becomes 
negligible Onlj about 25 per cent hy drolj sis occurs in 30 minutes, aa hereas 
aa ith the stronger preparation (Tig 3, Cun e B) about 90 per cent ha drola sis 
of the substrate occurs in the first 30 minutes and almost 100 per cent in 1 
hour In both cases the hadrolasis cune aaas linear during the first 30 
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minutes This beliavioi is seen only when the concentration of the sub- 
stiate IS kept low, as is evident from a compniison of Cun es 33 and C, the 
same active enzyme being used m both eases, but vitli G times moio of the 
substrate in the case of Curve C 

Enzyme ConcenUalt07i and Aclivily — The cnzj'inc activity of tuo different 
preparations at various concentrations and over inlcn''als of 1,2, and 5 lioiira 



Fig 3 Progress curve 0 5 ml of enzyme (1 10 red blood cells), 3 ml of buffer 
(pH 7 66), 1 ml of 0 1 si magnesium, and p 3 rophosphato to give a final concentration 
of 0 001 SI in Curves A and B and 0 006 si in Curve C Total volume, 5 ml Cun cs 
B and C are with the same enryme jircparation, Curve 'V from another 

was studied, the substrate concentiation (0 001 m) and magnesium concen- 
tration (0 02 m) in the reaction mixtuie being constant With low eiythro- 
cyte concentrations, 1 100 (z e 1 1000 m the leaction mi\tuie), the aetmty 
was rather weak, but m eiythrocyte concentiations of 1 20 to 1 5 diiect 
proportionality was found to exist between the enzjnme activity and its 
concentration Fig 4 illustrates these results 
Enzyme Acivoiiy and Substrate Effect — ^In view of its ability to form metal 
complexes, pjrophosphate is generally employed in enzyme studies to 
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detect the presence of anj metallic groups that might contribute to the 
enejune actn itj 0 03 M pyrophosphate is reported to inhibit the respua- 
tion of liver tissue m sei eral media (11), inhibition of yeast pjTophosphatase 
IS reported (5) to commence at 0 003 m, gi\Tng 50 per cent inhibition m 
0 01 M and 100 per cent m 0 03 m pyrophosphate, the purified mtestmal 



Tio 4 Enzjmc activitj Tilth difTcrent cnz\Tiif concentration-- Ooinl ofcnzMiie 
of different conccntrationc, 3 ml of buffer (pll 7 C), 1 ml oi 0 1 m nncncsiun, and 
0 5 ml of 0 01 M pj rophocphate Tno different enzTme preparations irere u--'’ i 

allvahne pli05phata=e also is reported (12) to be inhibited bj higher con- 
centrations of pyrophosplntc The pjTophosphatase of red blood cell' i= 
also found to be mhibifed In 0 01 m pjTophosphate 
The mam experimental difiicultj encountered in the studx of the sub 
alrate cfTcct nas the interference of the high pxTophosphatc concentration 
on moUbdenum blue color production Wo liad to dilute aliquots o" 'In 
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test filtrates so as to get a final conccnti ation of less than 0 001 m pyro- 
phosphate befoie developing the colors = 



qP^Or 

Fig 5 Enzyme activitj’^ and substrate effect 0 5 ml of enn3mc (1 10 red blood 
cells), 3 ml of buffer (pH 7 0), 1 ml of 0 1 m magnesium, and pj rophosplmtc to gi\c 
different final concentrations Final \olumc, 5 ml Incubation period, 30 minutes 
Curves A, B, C, and D are for different human crjthrocjtc cn7\me preparations. 
Curve E, goat er3dhrocj'tc cn73'mc 

Fig 5 lUustiates the lesults obtained 5 P 2 O 7 leprcsents the negative 
logarithm of the molar concentration of the pyrophosphate in the reaction 

® While pointing out tins difficult3', Schmidt and Thannhausor (12) haic applied 
the method of King and Delory (2G) for the estimation of phosphorus nlth “oMn” 
reagent They found that iMth slight modification the method can be cmplo3 cd for 
the estimation of 2 7 or more of phosphorus in a phospliatc-p3'rophosphate mixture 
containing not more than 100 7 of pyrophosphate phosphorus But n e found by using 
the modification of Schmidt and Thannhausei tliat only 4 7 or more of phosphorus 
could be estimated within 10 per cent error at room temperature, 32°, and 2 7 or less 
of phosphorus gave more than 25 per cent higher recovery' values As it is not pos- 
sible to recover even 1 7 of phosphorus in the test filtrates at the high dilution made 
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mixture In Fig 5 it can be seen that with mcreasing substrate concen- 
tration the activity of the enzyme is graduaUj decreased to neghgible 
values The sphtting of the pyrophosphate progressnely increases from 
0 0005 to 0 006 M pjvophosphate concentrations, and suddenly the rate 
falls, as IS shown by a steep declme m the curves v hen the pyrophosphate 
concentration reaches 0 01 m The hj drolysis is about 50 per cent of the 
standard assay at 0 02 m, and at 0 03 m the enzyme activity, though not 
absent, is negligibly small Further it can be seen that the maximum 
hydrolysis occurs m the range of 0 004 to 0 008 m pjTophosphate concen- 
tration, and m most cases the range is from 0 006 to 0 008 xi "Weaker 
enzyme preparations (c g goat erythrocj'te enzjTne and older preparations 
of human erythroc3’te enzyme) show the mhibitorj' effect of the substrate 
at ex en 0 04 xi substrate It might be that the u eaker the enz5'me the 
stronger would be the substrate inhibition at higher concentrations 

Activators of Erythrocyte Pyrophosphatase — Of the manj' substances 
inxestigated for activating effect on the enzyme none was found to replace 
magnesium In the presence of magnesium, bile salt shoved definite acti- 
vation of the enzyme, the extent of actn ation being dependent upon the 
age of the enzyme In the absence of magnesium, the bile salt had practi- 
cally no activating effect SumLarly xerj dilute solutions of cjanidc 
(KCN) shoved slight activating effect only in the presence of magnesium 

The buffered enzyme contaimng the optimum amount of magnesium v as 
incubated with sodium taurocholate (0 05 per cent salt in the incubation 
mixture) for 15 mmutes, and then the substrate vas added and the eDZ3'me 
assayed From the results of the enr\-me activit3' with and vithout bile 
salt, the percentage activation due to the bile salt v as calculated "With 
\er3* active enzyme preparations, actuation due to bile salts xxas about 20 
to 30 per cent and vnth less potent preparations from 50 to 70 per cent 
Older cnz3Tne preparations, v hich had lost most of their actmty, could not 
be restored to theu onginal actmt3 , but this could be doubled The bile 
salt activation is probabl3’ due to peptization of the enz3*me protein The 
C3'amde activation, on the other hand, might be due to reraoxal of metal 
inhibitors 

Inhibitors of Erythrocyte Pyrophosphatase — ^\*arious substances, xxhich 
are known to be enz3Tne inhibitors, xxcre studied to elucidate the nature of 
the groups tliat contnbute to the eiv-throcx-te p3Tophosphatase actix itx 


to bring the p\ rophosphatc concentration to 100 y of pbospboru'!,'r-cu'cd tl cmcthoil 
of Fiskc and Subbarov Bv adding knoivn amounts of orthopho'pha'o to difTrrcrt 
concentrations of pi rophosphatc in water and estimating the pho<'phatc, u ras 
found that the per cent error m the recox cn was replipible when tl e p\ -op’-o'phate 
concentration w as 0 001 m or less 
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The buffered enz 3 Tne contcaining the optimum nmount of flic activator 
(0 02 M Mg) was incubated witli var 3 '-mg concentrations of tlic inhibitors 
(adiusted to plT 7 0) foi 15 minutes, and then tlie stil slrate vas added and 

Tmiii IV 

InlnbiHon of Magnatinn-Aclualrd JJiizyinc hij Different 



Concent) aliont of Inhibitor 




- - ' 

Inhibitor 

Per cent mhi! 

itinn 

ion 

Substnnee ii^cil 

I iml rnnccnlntion of inliitntor 
ciilnlion mitlure 

° 0 0002 n 0 CO’ 1' ! 0 01 It 

1 ! 

In In 

0 02 M 

Cu 

Coppci sulfate 

00 

100 

100 

100 

100 

F 

Sodium fluoride 

52 

0") 

100 

100 

100 

Zn 

Zinc sulfate 


OG 

100 

100 

100 

Ag 

Silv'cr nitrate 


100 

100 



Hg 

hlercunc clilonde 


OS 

100 



Fe 

Ferric alum 


0 

57 

100 


( 

Ferrous ammonium sulfate 

0* 

51 

CO 


Co 

Cobalt sulfate 

1 GO 

01 

lOO 


Mil 

Manganese nitrate 


7 *) 

100 


A1 

Potash alum 


0 



Be 

Beryllium chloride 


SI 


71 

Ba 

Barium chloride 


GO 

75 

SO 

Ca 

Calcium chloride 



SO 

100 

100 

CN 

Potassium cj’anidc 

0* 

0* 

0 


so 

Alloxan 




21 


100 

lodoacetate 

Sodium salt 


IS 


G1 

Arsenate 

(( (t 

, 

CG 

75 

so 

Arsenite 

(i ti 

I 


21 

33 

Citrate 



10 

40 

90 

Oxalate 

If ff 

( 

0 

20 

CO 

Malonate 

ft ft 

i 

10 

30 

70 

Succinate 

<f U 

, 

0 

0 

0 

Tartrate 

(1 <1 

1 

0 

0 

10 

Formaldehyde 


i 


90 

9G 

Sulfanilamide 



0 

0 

0 

Hydroxylamine 



0 

0 

0 

Semicarbazide 


1 

0 

0 

0 

H3"drazine 


1 

0 

0 

0 


* Slight activation 


the enz 3 Tne assayed Conti ols without the inliibitoi and blanks with the 
substrate added just before the tiicliloroacetic acid ueie set up simul- 
taneously From the results the percentage inhibition was calculated 
Table IV illustrates the summary of the results obtained 
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Metallic Inhibitors 

Most of the heavj’’ metaUic ions m moderately loir concentrations pre- 
cipitate proteins Cu, Hg, Ag, and Zn were found to mactivate the enzjTne 
m e'ctremely low concentrations, probably by denatunng the enzj-me pro- 
tem Zn gave \nsible protein precipitation m 0 001 M concentration It 
also gave almost complete inhibition m 0 0002 M concentration, whereas 
higher concentrations are reported to be required to mhibit the yeast pj'ro- 
phosphatase (5) Cobalt and manganese also are fairly inhibitoiy, cobalt 
more so than manganese In this connection it might be mentioned that 
Pett and Wjmne (4, 13) reported appreciable activation of several bacterial 
pyrophosphatases by zmc m low concentrations, m some cases more than 
that due to magnesium Hove el al (14) workmg vuth purified alkaline 
phosphatase shoned that appreciable activation of the enajme could be 
obtained v ith mmute amounts of zinc (0 04 mii) and also with manganese, 
and that gl 3 cme, alamne, and other a-ammo acids would “coactnate” the 
zmc activation Kmg el al (8) also reported activation of erjlhrocj te acid 
phosphatase bj' manganese But Schmidt and Thannhauser (12) working 
with purified intestmal alkaline phosphatase could not demonstrate anj 
activation with either zinc or atmno acids We found (data not included 
m Table RO that mmute quantities of zmc, manganess, glycine, and ala- 
mne, produced defimte, though very small, activation of erj-thrccj-te pjTO- 
phosphatase only in the presence of magnesium Probabl}’ the effect n ould 
be more marked on the purified enzyme 

Feme ion iias more inhibitory than ferrous ion, but neither proluced 
inhibition at low concentrations in which the other hea \’3 metallic ions 
shoved almost complete inhibition Ferrous ion was found to cause slight 
activation when it was employed in Aeiy' low concentrations (0 0002 m), 
but onlj' in the presence of magnesium The slight stiraulatoiy effect 
might be due to regeneration of some of the groups that might be present 
in the oxidized form Aluramum was tned but no inhibition could be 
obtained .Vs it forms the hi droxide at the pH emploi ed, it w as used onli 
in the form of a suspension Higher concentrations of aluminum were not 
tried 

Effccl of Calcium, Banum, and Beryllium — Calcium-magnesium antag- 
onism IS recognized in mani of the enzime reactions in which one of the 
ions IS an actn ator Thus the adenosinetriphosphatasc of mj osin i= 
actii ated by calcium and inhibited by magnesium, but the same cnzime 
denied from electrical tissue is actuated bi* magnesium and inhibited bi 
calcium (151, the process of plasma clotting is actuated bi calcium and 
inhibited bi magnesium (IG, 17), the piTophosphatases of hi or and clectri- 



S14 


EEYTHnOC^i tC TPYROPIIOSI’lIATAbR I 


col tissue (15) and of yenst (5) arc activated by mngncsniin and inhibited 
by calcium With eiythi ocj'-lc pjuopliosphatosc also if uns found lliat the 
magnesmm-activatcd enzjTuc could be completely inhibited In calcium 
Fig 6 illustiates the icsults obtained vilh calcium, barium, and bcijlliuni 
as inhibitors of the magnesium-activated en7\mo fn these exjiennients, 



Fio 6 Antagonism of magnesium nith Be, Bi, and Cn 0 o ml of enzj me (1 10 
red blood cells), 3 ml of buffet (pH 7 G), 0 5 ml of 0 01 m p\ rophosphato, and a ar\ mg 
concentrations of Mg, Ba, Cn, and Be Final \oIume, 5 ml Incubation period, 
30 minutes Same enzyme preparation m each case O, magncsuim eonceiitralion 
constant (0 02 m), X , calcium concentration constnrU (0 002 m), ®, higher concentra- 
tions of both calcium and magnesium 

the activator and its antagonist veie added at the same tmic, and, vithout 
prior incubation, the enzyme uas assayed In estimating phosphorus in 
those experiments in which higher concentiations of barium weie used, ve 
had to add a couple of drops of magnesium sulfate (saturated solution) 
befoie piecipitating the proteins with tiicliloroacetic acid, as othcnMse the 
barium w'ould cause turbidity when molybdate m sulfuric acid v as added 
Beryllium w'as tried only as a suspension, since it was not possible to get a 
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clear solution at pH 7 6 From Fig 6 it can be seen that banum and 
beryllium also inhibit m the same concentration range as does calcium, but 
they are less effective, and complete inhibition could not be obtained even 
at 0 02 M, whereas calcium produces complete inhibition at 0 01 m 
A number of experiments v ere done with constant magnesium concen- 
tration (0 02 si) and \ arjong concentrations of calcium, and with constant 
calcium concentration (0 002 and 0 004 si) and s aiying magnesium con- 
centrations, and V ith uniformly mcreased concentrations of both to give 
Ca Mg = 0 1 to 1 0 SI magnesium The results are summanzed m Table V 
From Table V it can be seen that only less than 20 per cent activity 
remains at Ca Mg = 01 Higher concentrations of calcium v, ith pro- 
s' 


Table V 


Inhtbitton of Magnestum-AcltvaCed Enzyme tcilh Different 
Concentrations of Calcium 


Concentratton of 
magnesium 


Activity, per cent 
of standard assay 

jconcentralioa of 

1 cafaum 

1 

Ca Ms 

1 

lActivity percent 
'of stsndsrd assay 

K 



u 



0 02 

0 1 

19 

0 002 

0 05 

32 

0 02 

02 

12 

0 002 

0 033 

34 

0 02 

0 3 

4 

0 002 

0 025 

41 

0 02 

0 4 

3 

0 002 

0 02 

43 

0 02 

0 5 

2 

0 004 

0 1 

19 

0 02 

0 75 

0 6 

0 004 

0 066 

26 

0 02 

1 0 

0 5 

0 004 

0 05 

30 




0 004 

0 04 

36 




0 006 

0 1 

15 




0 OOS 

0 1 

15 




0 01 

0 1 

14 


portionate increase m magnesium concentration produce further reduction 
m actmtj', and nith neakcr and older enzyme preparations the calcium 
effect vas found to be still more pronounced Further, it vas found that 
incubation v ith both calcium and magnesium for 15 minutes pnor to the 
assay gasc m some cases almost complete inhibition vith Ca Mg = 01 
This point strongly suggests that calcium competes with magnesium for 
some actne centers of the enzyme It was also found tliat In using 
higher concentrations of the substrate the same extent of inhibition, i c 
about 75 per cent w ith 0 006 m substrate and about 85 per cent w ith 0 001 
XI substrate, xxas obsened, therebx supporting the point tliat the calcium 
inhibition due to substrate depletion mu't be slight, and that calcium 
csscntialh competes w ith magnesium for some actn c centers on the cn- 
zj-me surface 

In anew of the actn ation of the cnzxTne In sodium taurocholate, w c tried 
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to deteimuie ^\hethcl bile salt could iciuovc the (alciuin adsorbed on the 
enzjane suifacc and thus picvciit inlubilion The icsiilts aic p)cs(>ntcd in 
Table VI, fioin ^\hIoh it ^\lll be noted that bile salt has ^cn liKlo efleel 
Calcium evidentl}'’ has a gieat aflimlv foi some mine ccnfeiH on the 
enzyme suifacc It is also evident fioin Table VI thal < ah lum inhiljition 
is mainly due to its competition v ith niagncsuim foi the aitnt* tamlors of 
the enzyme, and not foi the substiatc 
Though Be, Mg, Ga, and Ba belong (o (he sune gioup in (he penodu 
table, the action of calcium seems lo be nioic s])ef ific as a dii alenf a* tnaloi- 
competitoi Calcium is physiologically an c=5‘'cn( lal clement luu ing a \ ci-j 
wide distiibution, and the (oncentiation of cahnim is alwa'v-t more than 

I’Anci \I 

Effect of Bile Salt on Calctuin Inhibition of ^[<l(|nr‘^tHm Actuated I nzinoe 
0 5 ml of ciizjme, 1 ml of 0 I At innKiusium, niitl subslrfitf- 'iiul biifTor to "> ml 
Two strengths of the suhstrntc were cmploied to giio finnl conrenlralions of 0 001 jr 
and 0 004 m pj roi)hospIiate When calcium or hih nnlt or both ncrf added, tlie 
volume of tlie buffer was reduced to giv'c a final volume of 5 ml In llu latter case*! 
the enzyme was incubated with the reagents for 10 minutes prior to llu addition of 
the substrate 



I’ho'pliorm literalcd per 1 ml red blood 
cells 

0 001 !( substrate j 0 001 it substrate 



ng 1 

’"g 

Magnesium-actiwntcd enzyme 


2 22 1 

1 21 

“ “ -f- 0 1 ml 

0 1 M 

0 5 

0 82 

calcium 




Magnesium-activated cnz3TOO 4- 0 5 ml 

1% 

1 OS 

4 45 

sodium taurocholato 




Magnesium-activated enzyme -f 0 I ml 

0 1 M 

0 5( 

1 2 


calcium + 0 5 ml 1% sodium taurocholatc 


that of the magnesium m any tissue It is still moie mteicstmg to note 
that the calcium piesent m blood is almost exclusively distiibutcd m the 
plasma and not m the eiythiocytes Probably this accounts foi the negli- 
gible results obseiv'^ed for the plasma pyi ophosphntase 

Bffecl of Stdfhydnjl Inlnhxton^ 

To deteimme whethei the enzyme requnes the mtegiitv ot SH gioiips 
foi its activity we tiied the eftect of substances which influence the SH 
gioups by oxidation oi association Fiom the following lesults it can be 
stated that intact SH gioups aie essential foi the eiythiocyte pyiophos- 
phatase activity. 
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Alloxan, which acts as an oxidant of SH groups in low concentrations, 
gave complete inhibition m 0 02 m concentration 

Co-pper, vhich exen in minute amounts is known to react with SH groups 
and thus inhibit all SH enzymes, gax'e almost complete mhibition m 0 00002 
M concentration 

The mhibitory^ action of xodoacetaie is considered to be a relatn ely' slov 
process (18) But we found that m a concentration of 0 02 it produced 
about 60 per cent inhibition 

Dicarboxylic Acids — Hopkms ei al (18) found that the SH enzyme suc- 
cimc dehydrogenase vas inhibited by malonate, and they regarded the 
inhibition as due to some effectii e association of the malonate ivith some 
active groups of the enzynne, and considered that these active groups are 
possibly the SH groups Moreox'er, they stated that the most efficient 
inhibitors of the succimc dehydrogenase are dicarboxyhc acids and pyro- 
phosphonc acid, and hence concluded that tii o acidic groups ^eem to enter 
into special relation with the enzyme We investigated the effect of fix e 
di- and tricarboxylic acids, mz oxalic, malomc, succinic, tartanc, and citnc 
acids ® Citrate showed more inhibition of the enzyme (see Table HQ than 
did oxalate or malonate, the latter being fanly' inhibitory in 0 02 xi con- 
centrations But the 4:-carbon dicarboxydic acids, succimc and tartanc 
acids, produced practically no inhibition exmn in 0 02 ii concentrations 
Probably the special configuration of the substance decides its inhibit ory 
effects on the enzynne 

Arsenate and arsemte are generally regarded as SH inhibitors Pett and 
Wymne (19) have reported that arsenate and arsemte at 0 01 to 0 002 xi 
produce appreciable actix ation (up to 90 per cent) of the ox ery throcy^tc 
enzyme actmg on hexose diphosphate at pH 6 5, but the same enzyme 
acting on glycerophosphate at pH G1 shoved definite, though flight 
inhibition They regard the acceleration caused by these ions as due to 
an effect exercised at some stage of the breakdown of the organic portion of 
the phosphoric ester We found that both arsenate and arsemte land also 
neoarsenobilon) shoxx inhibition m loxx concentrations, and that arsenate 
especially destroys more than half of the actixnty of the cnTxme in fl 002 m 
concentration 

Fbiondc, cyanide, and pyrophosphate ions are ‘-aipposed to form complcxe- 
xxith metal ions, and an enzyme that contains a metallic group a^ an actix c 
group IS inhibited by these lon^ Fluonde completely inhibit': the erxinro- 
cyde pyrophosphatase m cx-trcmelx loxx concentrations (0 0002 xi), xxherra-' 

’ Wc found tint malonate, "uccmatP, and tart ra'cshoivod no intorf^'rencf' n itli 1 f 
color dox clopmpnt of rooU bdenum bhio, but that citrate and oxalate ^^liOTcd mad eo 
inhibition, and that the interference naa abolished when the rnncenlratioi o'" t! e 
dicarboxx alntc v as reduced to 0 003 xi before the colors ere dex eloped 
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m such low concentiations C3'^nnide showed uctu III ion, ])iobai)l} 1)3 remov- 
ing traces of metallic ions such as coppci, oi bv hbeiatuig nunc SIl gioups 
C3^anide and p3’-iophosphalc show inhibilion only when Llieii coruenliatioiis 
are about 0 04 M Bui this inhibition can be coinplelelv nbolidicd 1)3 
simple dilution to about 10 limes Piobably these two iiihibifoi ^ form 
some loose complexes with some active groups of the 00731110 (peiliaps SIl 
or metallic gioups), and the complex formation 11013 be dependent, on the 
concentiation of the mhibitoi Hopkins cl al (IS) stated tliat nialonit and 
other dicarboxyhc acids piotcct succinic dchydrogcivise against oxidation 
by oxidized glutathione, picsiimabl3’- 1)3'- combining with I lie SII groups of 
the enzyme The combination is so loose as to be easil3 disrupted b\ 
washing We obseived tliat b3’' dilution it was possible to abolish the 
inhibitory effects of the dicaibox3datcs, p3aophosphatc, and C3anide 

To find out whether the C3xanide and pyiophosphafe piodiice an; per- 
manent inactivation of the enz3Tne 1)3’^ piolongcd incubation, the following 
experiment ;;as set up The incubation period ;;as 2 hoiir'^, as olhen\isc 
the enzyme itself shows deciease m activit3' after longer periods prior to 
assay Magnesium was not added during the period of incubation, but 
only at the time of the assa3^ As the enz3Tne concentration in the incu- 
bation mnxture was 1 20 ciythroc3’’tcs, the enzAune letaincd sufficient 
activity after the 2 hour incubation rMthout magnesium 

Three tubes ;vere set up as follow s, with 1 10 or3lhroc3 tes as the cn73'mo 
and buffer (pH 7 6) , Tube A, 3 ml of enz3ino, 1 ml of biiffei , and 2 ml 
of ;vater, Tube B, 3 ml of enzyme, 1 ml of buffer, and 2 ml of 0 1 m 03 anide , 
Tube C, 3 ml of enzyme, 1 ml of buffci , and 2 nil of 0 1 M p3Topho3phatc 
All the tubes were incubated for 2 houis at 37°, and then the actn it3' was 
tested on 1 2 ml aliquots (coiiesponding to 0 5 ml of the enzrme), the 
details are summaiized in Table VII 

From the lesults it can be seen that b3’’ dilution c3’-anido inhibition is 
completely abolished (actually moie acti;it3" is obtained), wheieas the 
P3’Tophosphate still show's some inhibition The C3 anide-cnzrTne complex 
IS evidently a loose combination which can be lesolved casil3' 1)3' dilution 
These twm inhibitors may be pioducing inhibition in highei concentrations 
by acting diffeiently or on diffeient gioups Since Hopkins cl al (IS) 
observed in connection with the nihibitor3’- action of dicaibox3'lic and p3'io- 
phosphoiic acids on succinic delydiogcnase that two acidic groups seem to 
enter into stiuctuial relation w ith the enz3me, our results on P3n ophosphate 
inhibition as well as that of citiate, malonate, and oxalate ina3’- be due to 
such effects 

From the hteiature we find that the effect of C3''anide on ;arious phos- 
phatases IS reported to be inhibitory in some cases (2, 12) and w ithout any 
effect m others (4, 5) Drill et al (20) w orking w ith dogs produced e;'i- 
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dence that normal serum contams only a very small amount of cyanide- 
sensitive phosphatase and that the rest is cyamde-msensitive, and that the 
former is increased abnormally m In er damage 
To ascertam rvhether the cj’-anide inactivation is due to mteraction vrith 
CO groups of the en 2 yme, the effect of certain keto fixatives v as tried 
Keto Fixatives — ^Hydrazme, hydioxylamine, and semicarbatide vere used 
as keto fixatives by Taylor and Gale (21) We tned all three m \arjTng 
concentrations and found that none gave any inhibition, showmg that the 
enzyme does not require the integnty of CO groups Higher concentra- 

Table VII 

Enzyme Acltvtly after S Hours of Incubation with Cyamde 
and vnth Pyrophosphate 

Solution A, enzjTne incubated vnth vratcr for 2 hours, Solution B, enzyme in- 
cubated vnth cjanide, Solution C, enzyme incubated vnth pyrophosphate 



PbospboTss libtnlcd 
per 1 ml red blo^ cells 

i 

1 2 ml Solution A, 1 ml 0 1 m Mg, 0 4 ml 0 1 m c> anide, 0 5 

trt 

2 46 

ml 0 01 M pyrophosphate, buffer to S ml 


1 2 ml Solution B, 1 ml 01m Mg 0 5 ml 001 m pyarophos- 

2 5S 

phnte, buffer to 5 ml 


1 2 ml Solution A, 2 ml 0 1 m Mg, 0 4 ml 0 1 m cy anide, 1 

2 67 

ml 0 01 M pyrophosphate, buffer to 10 ml 

i 

1 2 ml Solution B, 2 ml 0 1 M Mg, 1 ml 0 01 M pyrophos- 

3 00 

phatc, buffer to 10 ml 


1 2 ml Solution A, 1 ml 01 m Mg, 0 4 ml 0 1 it pyrophos- 

1 35 

phatc, buffer to 5 ml 


1 2 ml Solution C, 1 ml 01m Mg, buffer to 5 ml 

0 90 

1 2 ml Solution A, 2 ml 0 1 m Mg, 0 4 ml 01 m pyTophos 

2 70 

phate, buffer to 10 ml 


1 2 ml Solution C, 2 ml 0 1 m Mg, buffer to 10 ml 

1 77 


tions of hydrazine could not be used, as it interferes vnth phosphorus 
estimation 

Formaldehyde Inhibition — Gould (22) studymg the action of mtrous acid 
and formaldehyde on various phosphatases shoved that amino groups arc 
essential for the actmty of bone, kidney, and intestinal phosphatases He 
further obsen ed that crude preparations of the enzyme arc more sensitu c 
to lov concentrations of formaldehyde than are purer preparations lie 
suggested that formaldehyde acts on protein associated vith the enzyme 
in the crude preparation HovcctoZ (14) found that ammo and c-irboxy I 
groups m the a position arc coaclnators in the '■ctnation of dialyzed 
intestinal phosphatase by zinc Abul-Fadl and lung (23) have recently 
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repox ted that foimaldehydc inhibits eij'thioeytc acid phospha(4i‘=c, xxhilc 
prostatic acid phosphatase is quite uiianectcd 

Fiom Table IV it can be seen that 0 01 m foininldch 3 dp pioducos almost 
complete inliibition of the eodhiocytc pviophosphatasr Hoth tiic reaction 
time and the concenti ation of the foimaldehydc vi^-ecl In ns noic Ic^s than 
those emploj^cd by Gould (0 33 to 0 1 m foimaldcinde load ion time from 
6 to 24 hours) 

MisceUancovs — Sulfanilumidc, ticatinc, and cioalinine niif tiicd and 
found to have no ctTcct on the cnzjmic The amount or si length of the 
P3Tiophosphata‘'C does not scoiu to be constant m all poisons \ dinciciuo 
m the p 3 '’iophosphata‘:c actnilj'’ of the icd (clls of diflciont spcdos of ani- 
mals has also been obseivcd, as m the case ol (ho alKaluu iilRniihata'-o 
obsei ved bj"- Jennei and Kaj’’ (2) The icd ( oils of goat , ’'hooji, i abbit , dog, 
guinea pig, and man have been examined, and of thc'-o guinea pig ( oi piisdc^ 
weie found to contain the most ndiic oiizjnio 

DISCUSSION 

It has been shown that the icd blood cell pjuoj)ho->phal no rccpiircs mag- 
nesium as a coenzjmie and that calcium ad's as a (ompi'litnc mlubiloi 
It was also indicated that the actuatoi-Mibstiato loinbiintion inoduic'' 
maMmum hydiol 3 ’’sis of the substiate llowcioi, bolli the substiatc and 
the activatoi piodiice inhibition above teitain concent ritions, the substiatc 
inhibition being miuh moic than that due to the actn -itoi 

Bile salt enhances the euz^mie aclivil}' onh’ in the pic'-ence of magnesium, 
and it has practicallj’’ no effect m the absence of magnesium E\ idcnth 
the function of bile salt is to icndei moie of the enz 3 me suifato loce'siblo 
to the activatoi and the substiatc 

The results of vaiious SII inhibitois suggest that ciythrocjtc pjiophos- 
phatase may be an SH enzjnne iVll icagents icacting with SII produced 
inhibition Aisemte, winch is supposed to be an cflicient SII ic igcnt, pio- 
duced only slight inhibition Zittle cl al (24) liaic reccntlj lejiortcd that 
0 002 M ai senate inhibited the bieakdown of di- and monocstcis of phos- 
phoric acid (poly- and mononucleotides), whereas aiscmtc pi educed no 
inhibition even in 0 0025 lu concenti ation, and thej' consideicd that the 
usual SH inhibitive effects of arsenate and aisenite wcic not in\ohcd in 
then experunents Fiuthei they concluded that ai senate inhibition was 
not due to competition of the inhibitor with the substiate Ban on cl aJ 
(25) found that the SH enzyme succinic dehj'-diogenase was inhibited onlj 
to a small extent by arsenite when compared to lew isite inhibition The 
arsenite inhibition of SH enzymes may not aftei all be so specific as it wus 
generally assumed 

Though fluoiide inhibition mdicates tlie possible piesence of a metallic 
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group, the pyrophosphate and cyanide inhibitions might not ha% e been due 
to formation of anj metal complexes, as the inhibitions m both the latter 
cases could be completely abolished by dilution 
The formaldehyde inhibition mdicates that mtact ammo groups m the 
enzyme preparation may be essential Hov ever, the importance of ammo 
groups cannot be assessed unless purified enzymie is tested The pos^i 
bility that denaturation of the protem component of the enzynne is the 
cause of the mhibition cannot be o\ erlooked 

sUXOLVKl 

1 Erythrocytes are found to contam a pyTophosphatase nhich is prac- 
tically mactive without added magnesium, but shows marked actuiti m 
the presence of 0 02 m magnesium chloride 

2 The optimum pH lies m the range of 7 4 to 7 8 

3 The enzynne detenorates rapidly when kept at 37°, but m the presence 
of magnesium it seems to retam some of its acti\ ity 

4 The enzymie action dimmishes with higher concentrations of the acti- 
vatoi or the substrate 

5 Magnesium activation of the enzyme is antagonized by calcium oi 
barium 

6 I^Iagnesium activation of the enzyme is enhanced m the presence of 
bile salt 

7 The enzyme is mactivated by mmute amounts of heaiy metals and 
fluoride Cyanide, arsenic compounds, formaldehyde, and some dicar- 
boxylic acids mhibit the enzyme acitivity 

8 The inhibition of the enzyme by copper, lodoacetic acid, alloxan, etc , 
suggests that the eiythrocyte pyTophosphatase may be an SH enzyme 
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A NEW METHOD FOR THE SEPARATION OF ANDROGENS 
FROM ESTROGENS AND FOR THE PARTITION OF 
ESTRIOL FROM THE ESTRONE-ESTRADIOL 
FRACTION 

WITH SPECIAL EEFERENCE TO THE IDENTIFICATIOX AND 
QUANTITATIVE MICRODETERAIINATION OF ESTROGENS BY 
ULTRAVIOLET ABSORPTION SPECTROPHOTOMETRY* 

By harry B FRIEDGOOD, JOSEPHINE B GARST, 

AND A J HAAGEN-SMIT 

(From the Wtlliam G Kerclhoff Laboralonea of the Biological Sciences, California 
Institute of Technology, Pasadena, and the California Institute for Cancer 
Research and the Department of Medicine, Uniiersity of Southern 
California School of Medicine, Los Angeles) 

(Receded for publication, Januarj 21, 19-18) 

It IS recognized generally that a qualitative and quantitative knowledge 
of the excretion pattern of the urinary estrogens is one mde\ to an under- 
standing of the functional activity of the ovary and adrenal cortex Ob- 
viously, such determinations may be useful also m e\ aluatmg the normal 
and abnormal functions of other physiologically related endoenne glands 
as well as of organs hke the h\ er and kidneys The chnical applications 
of these data are self-evident 

Vanous attempts have been made to circumvent the notonouslj inac- 
curate vmlues nhich have been obtamed for the unnary estrogens by a 
variety of bioassay methods and colonmetnc techniques (1, 2) The 
acknowledged shortcommgs of these methods hav e led us to inv estigatc the 
application of ultraviolet absorption spectrophotometry' to the quantitativ c 
determmation of the unnary estrogens m an attempt to dev elop an objcctiv e 
physical method for their accurate determination It is known that the 
infra-red portion of the spectrum juelds more differentially charactcnstic 
cun'es, but those of the ultrav lolet range arc more readily obtainable, and 
consequently better adapted to clinical use 

This communication is concerned mth studies of the follomng aspects 
of the problem (1) spcctrophotomctnc identification and quantitative 
micro determination of crystalline estrogens, (2) detection by spectro- 
photometric assay of gross errors in current methods for extraction and 
partition of estrogens, (3) studies on the ultravnolet absorption of sub- 

* These studies were supported in part In Ciha Pharmaceutical Products, Inc , 
to whom we express our appreciation o arc also indebted to Ciba Pb irmnceutical 
Products, Inc , for the estradiol, to Dr Gregorv Pincus for the estrone, and to Pari o, 
Davis and Companv for the cstnol u'cd in these experiments 
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stances comprising the background material, (4) ‘^opainfion of the jihcnolic 
estiogens fiom the so called iicutial stcioid fiaction, (i) sciiaialion of 
minaij'’ estiogens fiom othci unnarj'’ phenolic substances i>y steam dis- 
tillation, (G) micio-Giiaid scpaiation of csiionc from cstiadiol, (7) an 
essentiallj'' new method foi the extraction and jiaitition of costallnu* 
estione, estiadiol, and estiiol, and their quantilatne a';'-'i\ In iiltiaMolct 
specti ophotometi y 

Speclropholo77ic(nc Jdcniificatio7i and Qua7it7talivc Mic7 0(lctcr77ii7iah()7i oj 

C7'ysldlhnc Est/ogc7is 

Ultiaviolet absoiption spectra of chemically puic crj’stalline Catrone, 
estiadiol, and estiiol wcic detcimmcd nith the Beckman quaitr spectro- 
photometer, The region fiom 22G to 300 m/i was irn catigatod, and 
cuives were constructed from points dctci mined at intcn of 2 ni/i The 
coirected constant melting point of each of these compounds was deter- 
mined in Older to establish the puiitj'’ of the compounds These ^ allies 
were found to be 258° for estione, 273-271° foi estiiol, and 17G 7° for 
a-estradiol 

Expel i77ie77ial Pi ocedures — 4 or 5 ml of U S P 95 per tent ethyl alcohol 
were used throughout these cxpciiments as a sol\ ent for the lesiducs of the 
substances that were subjected to ultraviolet spcctiopliotometrj This 
solvent has the advantage of being transpaient fiom the Msual range to 
200 m^ The alcohol ivas not icdistilled, beenu-e its use as the blank for 
the setting of the spectrophotometer compensated adequatch foi the 
msignificant amount of absoiption due to its impunties \.ll of the experi- 
ments cuirently lepoited neie conti oiled m this fashion 

25 mg of each of the tliiee estiogens ncic dissoh ed m 95 per cent ethyl 
alcohol and made up to imlume in a 25 ml volumetric flask Aliquot 
portions of each standaid weic diluted quantitatneh subsequenth to gno 
concentiations of 125, 100, 75, 50 , 25, and 12 5 7 pei ml These dilutions 
were used m the consti action of the individual cahbiation cun cs 

Residts — The ultiaviolet absoiption cuivcs of estione, estiiol, and estin- 
diol weie found to be veij' similai Oui obscn'ations aie in essential agi ce- 
ment with those m the hteiatuie (3-8) in so fai as the qc7icial shape of these 
absorption cuiwes is conceined The estione and estiiol aie chaiacteiired 
by a minimal density at 248 m/z and maximal densities between 280 and 
282 mu with a secondary peak at 288 m(i /Inothei maximal density is to 
be found below 230 m/z Estiadiol shows the same peaks as estrone and 
estnol, but the lowest extinction occurs at 252 m^ The secondaiv peak 
which was obsenmd at 288 m/z m the cuives foi all tliiee estiogens, is to be 
found in the absorption cuiwes foi estrone published by Hogness et al (3), 
Mayneoid and Roe (4), and Callow (5), although they do not call attention 
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to this point specifically in their texts The constancy of the appearance 
of this secondary peak in the cun es for all three estrogens suggests that it 
may be of significance in connection with the molecular structure of these 
substances Between 280 and 288 mp, our absorption curve for estrone is 
m general accord with that of Heard and Hoffman (6), but it differs con- 
siderably from the charactenstics of them cun^e below and above these 
pomts 

Although the data m the hterature mdicate that the spectrophotometnc 
curves for estrone, estradiol, and estnol are essentially identical, we have 


Table I 

Difference<! tn Denmltea and Molecular Exlinclton Cocfiaents 
of Estrogens at 280 mfi 


Estnol 

. 

Estrone 

Estradiol 


Densitj 

Density 

Density 

( per vX 

1^0 y per rrl 

y per ml 

1 100 y per ml 

y Per rJ 

[ 100 y per ml 

25 

0 

71C 

25 

1 0 

760 

50 

i 0 754 

50 

0 

664 

50 

, 0 

760 

52 

1 0 769 

52 

0 

664 

75 

' 0 

774 

75 

j 0 717 

75 

0 

713 

98 

0 

793 

99 

0 707 

92 

0 

714 

100 

0 

75S 

100 

, 0 6S9 

too 

0 

6S2 

103 

0 

779 

101 

i 0 724 

101 

0 

710 

107 

0 

769 

105 

' 0 734 

104 

0 

734 

125 

0 

740 

112 

, 0 734 

10& 

0 

70S 


) 


125 

1 0 730 

125 

0 

690 


1 



1 

Av erage 

t* 

0 

2000 

700 


' 0 
' 2073 

767 


0 720 

1 1970 


•e = (1/cx) loRio (Ji/Ix), in whicli t = moJccular evtmction cocfRciont, r = cm 
moleoulcs per liter, r = iMdth of cell in cm loc,c tJt/h) = flen=it^ 


found a significant difference m the densitj per umt weight at a giv on con- 
centration at 280 m /1 (Table I) The av erage densit}' v alues for 100 y per 
ml , as determined bv a senes of expenments of v arvang concentrations, 
are 0 700 for estnol, 0 767 for estrone, and 0 720 for estradiol These differ- 
ences are not due =olelj to diffenng molecular v eights Apparenth , the 
carbonj 1 group m Ring D of estrone enhances its densitv at 280 m/i, becau'^c 
this group exhibits an absorption maximum in that region On the other 
hand, the hvdroxvl groups in Ring D of estnol and estradiol show-i maximal 
absorption at ISG ni/i, and therefore do not influence the densitv values at 
280 m/i So far as the difference between estnol and estradiol is concerned 
one should note that on an absolute weight basis there are a larger number 
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of estiadiol molecules than csliiol molctulrs iii a solulioii of a given con- 
centration Tins IS m accoid with Ihe ( xpciiniental data, wliuh indicate 
that the densit}" of the estradiol sohilion is gicniei than that of the estriol 
solution 

We have also dcteimincd that the ininnnal density of the estradiol diflcrb 
consistently, hut not lemaikably, fiom that of the cstione and cstnol 
Smee this difference is lelatncly small, these Ihicr estrogens must he 



Fig 1 The effect of conccntrntion upon tlie ultrniiolct 'ibsorption of estradiol 

separated quantitatively befoie the spcctiophotometnc method can be 
used for their detennination 

The effect of concentiation of estiadiol upon the ultraiiolet absoiption 
IS shown m Fig 1 As might be expected fiom the decreased scnsitn ity of 
the instrument above F = 1 00 and below A" = 0 10, the extinction coeffi- 
cient IS proportional to the concentration only betii een those limits 
The peak at 280 mp was selected foi the consti action of a calibration 
curve for each of the estiogens (Fig 2) It is cleai fiom these data that 
the relation between density and concentration follou s Beer’s lau betw cen 
F = 0 10 and F = 1 00 at a wave-length of 2S0 m/i The leproducibihty 
of results at a wave-length of 280 myu was tested on 10 successuT days u ith 
each of the thiee estrogens in dilutions of 100 y per ml The percentage 
vanation from the mean was found to be negligible (Table II) The data 



FEIEDGOOD, GAEST, AND HAAGEN-SMIT 


527 


on the concentration-extinction relationship m Fig 2 are not in agreement 
•with those of Rejmolds and Ginsburg (7) Since they omitted reference 



Fig 2 Calibration curves of estrone, estradiol, and esfnol, respectnelj, in 05 
per cent ethjl alcohol at a waie-length of 2S0 m/j V = estrone, O = estradiol, 
• = cstnol 


Tabu II 


Rcproductbtlily of Density Values for Estrogens at 2S0 mu 


Estrone 

Estradiol 

j EsAnol 

Beast tj 

Per cent \ an 
&tioa (com 
mean 

1 Bcasit> 

1 

Per cent \ an 
Rtion from 
zne«.n 

Density 

Per cent \an 
alion from 
mean 

0 824 

0 2 

i 0 70S 

0 4 

0 700 

0 4 

0 830 

0 6 

0 718 

1 0 

0 G95 

0 3 

0 815 

1 1 

0 709 

0 3 

0 C50 

I 1 0 

0 824 

0 2 

0 705 1 

1 0 8 

0 COG 

0 1 

0 S2S 

0 2 

0 70S 

0 4 

0 700 j 

0 4 

0 825 

0 1 

0 712 

0 1 

0 700 1 

1 0 4 

0 824 

0 2 

0 720 

1 3 1 

0 700 1 

1 0 1 

0 838 

1 4 

0 712 

0 1 

0 700 1 

1 0 4 

0 830 

0 5 

0 712 

0 1 1 

0 1 

0 3 

0 820 

0 7 

0 710 

0 1 ' 

j 


Mean 0 826 


0 711 

i 

1 

0 C07 i 

1 



to the melting points of their preparations, there is no wat of determining 
the punty of the hormones cmplojed m their studies 
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One may conclude fiom the cnhbiution cuncs of Vi’t, 2 (liat cadi of the 
estiogcns may be deteimincd witli uccuuicy only m concctdiiif ions abo\c 
12 to 15 T pci ml of alcoholic solution Vniimis ^fudu-. induafc (hat the 
total estiogcn c\cietion jn ceitam phases of the nienstiual (jdc ma> bo 
such that the conccntintion of estiogcns m the fund .ilcohohc cxtiads is 
well below this amount Tins ^\ould make i( iiec('-'‘-.in in ceil am niciim- 
stances to extinct pooled uniic specimens of so\ cial da\s excietion m older 
to deteimme then estiogcn content hue 'ijiiilad tin tedinuiueof 

lyophihzation to uiinc m oidci to make it pos-,ii)le to colled and i oncen- 
tiate it m iclativel}'' laigc quantities uilhoul luiinmg I lie risk of difinical 
alteiation of its steioid content (9) 

Detection by Spectrophotoinctnc Abbuy of G'less Kiro) s vi Cm rent 
Methods fo) Extiaciwn and Paititwn of JCshor/i m 

Critique of Cwiently Accepted Methods fo) Paititwn of Eslioycns — A 
detailed analysis of the literature on data obtained b^ melhods in geiieial 
use foi the paitition and assay of iiiinniy esliogi'iis discloses that the 
quantitative accuiacj'' claimed foi them is not m accoid with the result*? 
on wdiich this contention is based The loiogoing statement max seem 
staitimg in viexv of the widc-spread and relatn eh umiucstioncd nc( eptanco 
of these methods The facts speak for themseh cs, houiw cr 

Woiking xvith aqueous solutions of cr^xstallinc estiogcns, C'ohen and 
Hainan (10) obseiwed that their method of partition j icldcd a rccox erj’ of 
78 to 93 pel cent of estriol and 90 to 100 pei cent of estioiie Fuithcrmore 
from the urines to which crj’^stallinc cstiiol and Cbtiono wcic added, respec- 
tively, thej’" lecovered 97 per cent of the estiiol and 93 pei cent of the 
estione In the light of wdiat w^c now' know of the expected 20 per cent 
loss of estriol in the NajCOj w’ashings, added to the mex liable laige Io'js of 
estnol duiing a 2 to 4 houi liydrolj'sis at pH 1 to 2, tlicsc high rccoxciies 
are open to question As a consequence, one is inclined also to wonder 
about the quantitative accuracy of then x allies for the iccox eiy of cstione, 
paiticularly since they themselves have aclcnow'Iedged that in the cstione- 
estriol partition 20 pei cent of the estione is earned oxei into the estriol 
fraction 

Using the Cohen and Hainan technique, except for a recognized irapi ox e- 
ment in the conditions for hydrolysis, Smith, Smith, and Schiller (11) found 
that the results obtained in exploratoiy paitilion expenmenis, which thej' 
singled out for special study, could not be duplicated xx'hcn estiogcns xxere 
submitted to the entire procedure of extraction and pai tition The 3 ' i epoi ted 
that the thiee estrogens could be separated quantitatix'el}’’ xxhen submitted 
to partition alone Howex’^ei, when earned thiough the entiie proceduie, 
they obseived that the recovery of estrone was betxveen 60 and 105 pei 


X 
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cent, that the recovery for estnol varied between 33 and 103 per cent, and 
that estradiol was recovered m amounts varymg from 40 to 99 per cent of 
the added matenal 

To explam this discrepancy. Smith, Smith, and Schiller attnbuted the 
mconsistent results to an madequate recovery from NaOH of the separated 
estrogens, rather than to the Cohen and Alaman technique of partition 
Although they claimed uniformly higher recovenes of added estrogens when 
they modified the technique m accordance mth their theorj , an analj sis of 
the data suggests that then conclusions were based on msufficient evidence 

In view of the foregomg, it would seem that the data m the literature 
have not been exammed cnticallj' enough The fact that nearly perfect 
recovenes were obtamed under experimental conditions m which sub- 
stantial losses are known to occur leads us to question the i alidity either 
of the methods of assay or the extraction and partition procedures, or both 
In this connection, one may consider the data pubhshed by three reliable 
groups of mvestigators, who checked the Kober colonmetnc assay for 
urmary estrogens agamst the bioassay method It is v ell recogmzed that 
the Kober reaction is affected by non-estrogenic urmary substances, and 
consequently gives o^ erestimates of the actual total estrogen content The 
error thus introduced may be one of the factors contributing to the ^ ast 
discrepancies disclosed by the data m Table III For example, two samples 
analyzed by the bioassay method showed 1 100 and 1 150 mg of estrone, 
respectively, as compared wuth 0 672 and 4 140 mg of estrone determined 
colonmctncally Reference to the ratios for the Kober colonmetnc-bio- 
assay m Table III shows that these diflficulties are the rule rather than the 
exception, and that they are of a significant order of magnitude In spite 
of the fact that perennial attempts ha\ e been made to establish the accurac^ 
of one of these methods by checking it agamst the other, the results in Table 
III indicate that this cannot be done 

Because of the doubt which has been ex-pressed concerning the quanti- 
tatn e accuracy of the bioassay and the Kober colonmetnc techniques, and 
because w e haa c demonstrated already that the spectrophotometnc method 
can be used for the quantitatne assaj’’ of crjstallinc estrogens, it =cemcd 
advisable to e\aluate the cfEcicncv of the currenth accepted partition 
methods bj this phj sical means 

There are m common use todax two tj-pcs of methods for the separation 
of estnol from the estrone-estradiol fraction This partition is accom- 
plished generallj bx the equilibration of either an alkaline salt or a hx drox- 
ide with one of sex eral organic solx ents 

Ultrax lolet absorption '=pcctrophotometrx , as a method of as^ax m the 
pirtition of estrogens, could not be applied satisfactonlx to the Cohen and 
Maman technique because of the toluene used m the procedure Toluene 
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llluslrahons of Incow^lanl Rclatxons Ucttcccn Kobcr Colorimetric and Biodimy Mclhodi 


I’criotl of ECstntion 

i flronc 


f «(riol 


Kobcr 


K 11* 1 > ober 

per 1(X) ml iirim 

Dmn i) 

1 11* 

Cohen and hlnrnan (10), nig 

Sample 3t 




0 20'; 

0 213 

0 8! 

“ 3t 




0 210 

0 231 

1 01 

“ 4t 

0 033 

0 021 

1 IS 

0 Ih2 

0 171 

1 OC 

" It 

0 012 

0 on 

I 3G 

0 I7S 

0 I7S 

1 00 

“ 5t 

0 071 

0 070 

1 01 

0 31G 

0 205 

1 10 

“ 5t 




0 500 

0 218 

1 10 

“ 6t 




0 275 

0 221 

1 23 

“ 5t 




0 2sn 

0 231 

1 21 

“ Gat 

0 100 

0 107 

0 01 

0 GOl 

0 G21 

1 11 

" Gat 




0 700 

0 007 

1 15 

“ Gbt 

0 127 

0 12G 

1 01 




“ Gbt 

0 100 

0 115 

0 hi 




" 7at 




0 ObO 

0 503 

I 15 

“ 7at 




0 705 

0 558 

1 20 

“ 7bt 

0 100 

0 002 

1 00 




“ St 

0 127 

0 125 

1 02 

1 070 

1 070 

1 00 

“ St 

0 123 

0 121 

1 02 





Smith, Smith, and Schiller (II), mp; per 21 hr aample 


3 mos 

5h •• 

0 SIO 

0 900 

0 OGO 

1 300 

11 00 

0 09 

3 OCO 

0 no 

27 12 

6 “ 

3 020 

2 500 

1 21 

10 SOO 

10 700 

1 01 

7 “ 

2 251 

1 350 

1 CS 

13 COO 

10 SOO 

] 20 

8 “ 

2 3GS 

2 450 

0 07 

30 710 

11 SOO 

2 GO 

8 “ 

4 270 

5 100 

0 S-1 

39 979 

21 500 

1 03 

8 “ 

0 G72 

1 100 

0 Cl 

38 000 

10 COO 

3 59 

8 “ 

4 140 

1 150 

3 CO 

3G 100 

7 350 

4 95 

41 daj-^s before delivery 

1 SOO 

0 800 

2 25 

11 000 

10 700 

1 31 

22 “ “ “ 

3 040 

1 500 

2 03 

11 COO 

S 000 

1 45 

15 “ “ “ 

5 400 

G GOO 

0 53 

1C SSO 

Gl 000 

0 74 

0 (< (t t( 

3 GOO 

2 500 

1 41 

42 OSO 

21 300 

1 9S 

0 <( t( (t 

2 520 

1 335 

1 SO 

34 OSO 

21 200 

1 01 


Pincus, Wheeler, Young, and Znhl (12), rat units 


ApproMmately 5th day 

GOG 

! 148 

! 1 09 

G47 

ns 

4 37 

“ 5th “ 

432 

, 252 

1 71 

1812 

840 

2 16 

4 mos 

1140 

675 

1 C9 




4^ “ 

1318 

450 

2 93 

1241 

CSo 

1 S3 

5 “ 

663 

330 

2 01 

998 

GOO 

1 6G 

5i “ 


1 


1463 

1780 

0 82 

6 

1044 

650 

1 90 

1788 

2200 

0 81 

7 “ 




1502 

1800 

0 S3 

7-9 “ 

891 

670 

1 33 

5800 

8900 

0 Co 


* (Colorimetric data)/ (bioassay data) f Period of gestation not stated 
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exhibits a significant optical density between 230 and 290 nifx (13), a range 
which includes the absorption peak of the estrogens The present expen- 
ments were limited, therefore, to a consideration of those methods in which 
estnol was separated from the estrone-estradiol fraction bj' the use of 
NaiCOa and benzene Consequently, the imestigation centered around 
the hlather prmciple for the partition of estrogens, namelj, the use of 
NajCOa to remo\e estnol from the benzene solution This pnnciple is 
incorporated in the methods recommended by Pincus (1) and bj Bachman 
and Pettit (14) In new of these considerations, one of the methods 
selected for stud> w as the Pincus modification of the ^father technique (1) 
The other method studied spectrophotometncall 3 ’^ was that ongmallj* 
recommended by blather (15) Since neither blather nor Pmcus attempted 
any punfication of the so called “strong” and “weak” phenolic fractions, 
it seemed feasible to determine w'hether such a procedure w ould facilitate 
the application of the spectrophotometnc technique to the assaj of estro- 
gens The Bachman and Pettit method (14) was used for the process of 
punfication after the blather partition It was hoped that these steps 
would prepare extracts relatuely free from background matenal, which is 
anathema to the spectroscopist 

Expenmenlal Procedure — 2 569 mg of estrone, 2 793 mg of estradiol, and 

2 532 mg of estnol w ere each dissoh ed m 25 ml of 95 per cent ethj 1 alcohol 
20 ml of each of these solutions w ere pooled Two 25 ml aliquots of this 
pool w'ere e\aporated to diyness wnth suction The residues of these 
ahquots were subjected to the methods of partition selected for studj' 
(Tables IV and V) 

Results — ^The results of these experiments, which are to be found in Pigs 

3 and 4, are clear cut The follownng conclusions concerning the cstrone- 
estradiol fraction maj be drawn from these data (1) The ex-penmental 
curves (P and bl-BP) in Fig 3 show that the shapes of the curves are 
charactcnstic of estrogens, and that the minimal and maximal densities 
occur at 248 and 280 m/i (2) Judging bv the relatn eh high lev el of the 
minimal densities of Curves P and bl-BP at 248 and 29G m;j, there is an 
appreciable amount of background matenal present Since it is probable 
that the maxima at 280 xn^i have been aftected similarlv , the data at this 
point cannot be taken at face value (3) Because of cssentiallv equal 
amounts of background matenal, a rough companson can be made between 
Curves P and bl-BP at 280 mfi Judging bv the difTcrcnccs between the 
minimal densities of the expenmental (P and bl-BP) and the standard (S) 
curves, it would appear that about three-quarters of the e^trone-cstradiol 
mixture was recovered after the Pincus modification, and that approxi- 
matclv one-half of these estrogens was rccov ered after the Mathcr-Bachman 
and Pettit procedure On the basis of this observ ation, it occurs to us that 
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whatever one stands to gam by tlic manifold attempts to remove urinnrj 
impuutics by the Bachman and I’cUit })ioceduic may be more than o\or- 
balanced by the losses sustained in Iho'^c extensn c chrmical manipulations 
A similai study was made of the csliiol frartion t mated bj the two 
methods which ha\c been dcsciibrd Annhsis of (he rune« in lug 1 
discloses a maikcd discicpancy between the densilv of the ab-oijition 
peaks of lecoveied estiiol (Cuivcs P and M-BP) md that of the standard 
solution (CuiveS), which icpicscnls the quant it \ of 0^,1 iiol with whieh each 
expeiiraent was started It should be noted in eonnectum with Cuiacs 


Tatwi I\ 

Ptncuf hfcxhficalion of Mnlhir Pnrlthnn 
(1) Residue of 25 ml nliquotof pooled e^lr^^:cn‘^ 


( 2 ) 


Di'-‘ioh( in 50 ml h<'n7eiK, 
cvtriicL with a X 50 ml 
OOm ^n^CO, 


(3) Benzene phase 


(7) Carbonate phase 


(4) Distil to drjness, perform Girard (8) Acidif\ with conti ntrated llCl 
separation on residue to Couko red, e\trnet with 

I X 50 ml nt 0 


(5) Estrone fraction (G) Estradiol fraction 


\flucou‘- Cb Ethcrenl phase 
phase 
discarded 


( 10 ) 


Distil to dr\ncss 


(11) Estnol fraction 


P and M-BP that their configuiation is distoited gieutly bj the backgiound 
material, masmuch as the chaiacteustic outline of the ostiogen cunc is no 
longer lecogmzable Judging from the amount of backgiound material 
mdicated by the leadings at 248 and 296 m/a, the lecoiory of estnol is 
practically ml The latter is not suipiismg in view of the lelatnely low 
solubility of estnol in benzene, a point wdiicli w^as not taken into account 
either by Mather oi Pincus (15, 1) In confirmation of Bacliman and 
Pettit’s (14) observation, we have found that the prelimmaiy solution of 
estnol in alcohol is absolutely essential if estnol is to be taken up by 
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Table V 

ilalhcT Partition vnlh Bachman and Pctlil Punficatton of “TT ea! ” and “S'rong” Phenolic 

Fractions 

(1) Residue of 25 ml aliquot of pooled estrogens 


12 ) 


DiSaoUe m 100 ml 0^3 m Xa CO , 
evtract inth 2 X 50 ml ben'enn 


(3) Carbonate phase 


(14) Benzene phase 


(4) Wash iiath 25 ml benzene, add nrash 
to benzene phase 
1 

(5) Washed carbonate phase 


(15) Bash with 25 ml Is a CO add wash 
to carlyinate ph&'e 
1 

(16) W ashed benzene phase 


(6) Extract mth 3 X 50 xol % Et-0 


(17) Extract mth 3 X 50 ml 2 % ^aOH 

, l-_ 


Vqueous phase 
discarded 


(7) Ethereal phase (18) Benzene phase (20) All almo phas^ 


(6) Wash with 10 ml 9% NaHCOi 


Wash discarded (9) W ashed ethereal phase 

i 

(10) Distil to drj-ness, dissohe residue 
in 3 X 25 ml benzene, wash 
with 10 ml X'aHCOj, extract 
wolh 3 X 25 ml II 0 


(191 Wash mth 2 X 
25 ml HO, add 
wash to aqueous 
phase, discard 

benzene 


Benzene phase 
discarded 


(11) \queous phase 

"1 

(12) Exaporatc in racun 

I 

(13) Estnol fraction 


(21) Acidifj wttli 
concentrated 
nCl, extract 
with 3 X 50 
ml benzene 


j j 

Aqueous phase (22) Benzene phase 
discarded j 

(23) Concentrate to 50 ml , v ash 
mthH SOi(4 5) XaiCO, 
and 2 X 25 ml HO 


1 


1 


I 


'24) Benzene phase U sh derarrled 

(25) Distil to drvn' vJ, perfmn Oirird 
separation on the re. due 


(2(3) Ijstroee fractij i '27) Ls‘ra'' j! 







Fig 3 Comparison of the ultraviolet absorption ctir\c of a staiiilard estrone 
estradiol solution (Curve S) with the curves representing the amounts recovered 
from identical aliquots by the Pincus inodificntion of the Mather partition (Curve P) 
and by the Mather-Bachman and Pettit partition (Curve M BP) 



Fig 4 Comparison of the ultraviolet absorption curve of a standard cstriol solu- 
tion (Curve S) with the curvms representing the amounts recovered from identical 
aliquots by the Pincus modification of the Mather partition (Curve P) and b.v the 
Mather-Bachman and Pettit partition (Curve M-BP) 
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benzene quantitatively Tb^e findings also raise a question vnth regard 
to the efBcacy of sodium carbonate for the quantitatii e separation of estnol 
from estrone and estradiol 

It IS clear from the studies ivhich haie been descnbed that one must 
subnut to reevaluation the methods currently used for the partition and 
assay of estrone, estradiol, and estnol The fact that ultranolet spectro- 
photometry proi ides a sensitii e method for the quantitatii e detenmnation 
of chemically pure estrogens makes it a feasible means for checLmg the 
accuracy of the partition methods, if one eliminates or reduces to an accept- 
able minimum the optical density of the background matenal 

Studies on Ultraviolet Absorption of Substances Comprising 
Bacl ground Material 

Experimental Procedure — In nevr of the foregomg findinp, and on the 
basis of preliminary exploratory experiments, it seems likel} that the back- 
ground matenal, which interferes inth a quantitatii e interpretation of the 
estrogen absorption curi'es, consists entireb' of substances used in the 
extraction and partition procedure, i c , reagents and theu* impunties 
Consequently, a study was made of the absorption charactenstics of these 
reagents and their values for E at 280 mp The expenmental conditions 
under which the reagents were used onginallj were duplicated carefulh 
Included m these obsenations were Na;HPO< and CC1< (c/ below) for 
reasons which will appear later on m this communication 

It is well knoivn that petrolatum, rubber, and lubncating greases exhibit 
absorption m the ultranolet range It w as suspected earlj m these expcn- 
ments that stop-cock grease was earned along into the extracts b 3 the 
organic and aqueous alkaline soh ents used in the partition and extraction 
of estrogens An effort was made, therefore, to determine whether or not 
these lubneants interfere with the quantitatne determination of the 
estrogens Aqueous alkaline solutions were passed through stop-cocLs 
lubricated with Lubnseal, Trutest, and bentonite-gh cerol merture, rcspcc- 
tn ely The alkaline solutions were then acidified and extracted with ether 
The residues after ether distillation were dissoh ed in 95 per cent alcohol and 
subjected to ultraMolct spectrophotometry Benzene and ether were put 
through similarh lubneated ^top-cocks, and c\aporated to dryness sub«o- 
qucntlj The residues were taken up in alcohol and then studied 'jpectro- 
photometricalh The aqueous and organic sohents were used al=o in 
testing other substances which belong to clas^^cs of compound^; that do not 
show significant absorption in the ultrax lolet, but which do cxliibit lubricat- 
ing properties, c n , powdered agar, granular gelatin, and flakcKl graphite 

Results — Of the reagents commonly u=cd in the extraction and partition 
of estrogens the following were found to be relatuely free of interfcnng 
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optical density m the i.inge covcicd by the ulliaviolet absorption (ur.'c of 
the estiogens alcoliolic solutions of the lesichu s of IJ S V clhor, frcshlj 
distilled fiom fenous sulfate, hleicK^ ledistilled lluophene-frcc btn/enc, 
caibon totiachlonclc ficcd fioin cm bon disiiIfKie, b H J’ eth}! alcohol, 
disodium acid phospliatc, 1) S P powdeied agm , gimuilm gelatin, flahofl 
graphite, c p sulfuiic acid 

The successful application of ultuiMolel sjieehojiliofomeln to the iissaj 
of unnaiy cstiogcns necessitated substitutions foi other k agents and sub- 
stances exhibiting an oiifieal dcnsitj’’ of luou* than 0 1 at 2S0 in/i Agar 
was adopted instead of the conuueicial stop-eo( k hibi leant s oidinmilj used, 
and II 2 SO 4 was substituted foi IICl 'J'iie use of filter p ipei was omitted 
entirely m view of its coutiibution to the optical densUN Beiuiuc the 
absoiption cunc of tlio caibonate radical was found to uileifcte with tlic 
measuiement of estiogcns at 2S0 nig, cailMUiatcs \s(ie oniittid fiom the 
pioceduie foi the cxtiaction and jiaitition of estrogens wlaiKwei jio-sihlc 
It w'as for this leason that calcium In dioxide was not mid in the lemovnl 
of peioxides fiom ethci, and that Ko 30 mesh glass tliips waslud uitli 
sulfuric acid, watei, and cllici weic substilnlcd foi jioKelmn boiling chips 
m the distillation of ethci fiom extracts !Moieo\ei, tiaies of moisture 
weie icmovcd fiom the icsiducs of ethci cxtiacts exchisneh h> suction m 
Older to avoid the use of anhydious sodium sulfate, whuli ma\ contain 
detectable amounts of carbonate 

Suhstitnhon of Dibasic Sochnm Acid Phosphate foi Sodium Caihonalc in 
Partition of Esliiol fiom Estwnc-Estrodwl Fi action — Tlie foregoing data, 
consideicd in conjunction with othei findings which suggested that sodium 
caibonate may be inefficient m the scpaiation of estnol fiom e-lrone and 
estiadiol, posed the possibilitj of substituting sodium acid phosphate for 
sodium caibonate 

Samples of ciystallme cstiouo, estiadiol, and estnol wcic dissob cd in 95 
pel cent ethyl alcohol toa coucentiation of lOO'j of estiadiol pci ml .OSy of 
estnol pel ml ,andl03 O 7 of cstionc pci ml Since the immediate puiposc of 
this expenment wms to deteimme the bom'enc-soduun caibonate distri- 
bution of each cstiogen, 5 ml aliquots of each solution woio dned and 
earned independently tlnough the entne paitition pioceduie The lesi- 
dues weie dissolved in 1 0 ml of 95 pci cent othjl alcohol, and 100 ml of 
thiophene-free benzene w'eie added to each The benzene solutions weie 
extracted thiee times wath 50 ml volumes of 0 3 m NajCOs The benzene 
phase, containing the estione-estiadiol fi action, was taken to dijmc'^s with 
suction on a wmim wmtei bath, and the lesiduc thereof wms dissoh cd m 10 
ml of 95 pel cent ethyl alcohol The aqueous alkaline phase, containing 
the estnol, was acidified wuth 6 n HsSOj to Congo led and exti acted wath 
foul 50 ml volumes of ethyl ether, winch wms distilled off subsequently 
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The residue of the ether extract was dissolved m 5 ml of 95 per cent ethyl 
alcohol Spectrophotometnc curves were prepared of the alcohohc 
solutions of these organic and morganic phases 
The foregoing experiment was repeated with 0 075 and 0 2 m NajHPOi 
m place of 0 3 m NajCOj 


Table VI 

DislnbuUon of Estrone, Estradiol, and Estnol beticeen Benzene and AUmIi 


Estrone reco try 

Estradiol rear'cry 

Estnol recovery 

Benzene pba-c| Alkaline phase 

Benzene pha_c j Alkaline phase 

Benzene pha*e j Alkaline phase 


0 ^ M Ka COj 



1 Per cent I 

per <ent 

per cent 

per cent ' 

per cert 

Per cert 

1 



fi6 7 

31 7 

2 1 


2 



GS 6 

33 9 

0 

105 0» 

3 

91 4 1 

2 4 

68 5 

33 6 

0 6 

98 9 

4 

94 9 ' 

5 1 

70 2 

35 7 

0 

101 7 

5 

94 7 

3 4 

&4 5 

33 3 

0 

96 0 

6 

91 5 

3 0 1 

1 

1 

1 



i 


0 075 M and 0 2 u NajHPOd 


1 

102 4 

0 

100 0 

0 

8 2 

90 3 

2 

98 7 

0 j 

102 0 ! 

0 

4 0 

94 S 

3 

100 4 

0 

102 0 

0 

S 0 

90 8 

4 





6 1 

91 9 

5 

101 2 

0 6 

102 1 

0 8 

2 7 

100 4 


* The range of those \alues is not an indication of the accuracj of this method of 
assa^ At this point in the partition the reagent control shon s a relati\ el} low dens- 
itj reading at 2S0 mu, which interferes with the exact quantitatixc estimation of the 
estrogen content of these samples This is of no consequence , inasmuch as the cstro 
gen content of the sample is not tested for until the end of the procedure, v hen the 
dcnsitj of the reagent control is at an optimum le\el for exact quantitatuevorl 
The data in this table arc of xalue, nevertheless, since Ihev disclose large enough 
deviations to merit attention 

t The difTercncc in pH betv cen 0 075 m and 0 2 m Na HPO4 is negligible The 
values lie between pH S 7 and S 8 


Results — ^Thc results of the expenments wnth 0 3 m Na-COj arc recorded 
m Table VI These data indicate that 0 3 m Xa:COi is not a satisfactorj 
substance for the partition of estrogens, prev lous statements in the litera- 
ture to the contrarj Ipproximatclj one-third of the estradiol is earned 
o\ er into the alkaline phase wath the estnol This results in a large error in 
the determination of the estradiol as well as of the estnol 
Reference to Table IT discloses, on the other hand, that 0 075 and 0 2 v 
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NaiHPOi achieve an acceptable quanlitatnc scpnuition of r-^fnol from tlic 
estione-estiadiol fi action Since estiadiol is not caniod into tlie aquoouB 
alkaline phase, its quantitatne ieco\erv is not inlorfcrcd vith, Furthcr- 
moie, estiadiol no longci masks the extent to which cslnol is soluble in the 
alkaline solution The small fiaction of cstiiol, which remains in the 
benzene phase, docs not adcct the final iccra ct j \ allies for either estrone or 
estiadiol, because it is icmoicd latei b}' the tliscarded NajCOa washings 
dm mg the Giiaid separation 

It appears, theicfoie, that the method m common use for the separation 
of estiiol fiom the cstrone-cstiadiol fiaction is gio'-slj inaccurate This 
situation may have been oveilooked, because the bioassay method used 
cuirently foi the mcnsuicmcnt of these substances is not quantitative ns 
compaied wnth the micio piccision of ultiaviolet spcctrophotomctrj 

In view of the foicgoing, it seemed essential to check up on the accuracj 
of the lemaindei of the method cmplojcd in the separation of the estrogens 
fiom othci iiimaiy mateiials and from one another 

Sepal ahon of Phenolic Esltogcns Jrom So Called Nculral Steroid Fraction 

In geneial, cstiogens hav e been scpaiatcd fiom andiogcns b> one of two 
types of method, viz , simultaneous extinction of the thicc uimar>’ estrogens 
from an ethei oi toluene extract of hjdroljzcd urine by a given concen- 
tration of KOII or NaOII (1, lG-22), or diflcrcntial extraction of the 
estrogens by two conccntiations of alkali (10, 11, IG, 23) The latter 
method, or its modification, involves the extinction of estriol by 0 1 n NaOH 
fiom ethei, and the removal from toluene of the cstronc-cstradiol fraction 
by N NaOH The lattei leavms the neutral steioid fraction in the toluene 

Since toluene is known to exhibit intcifcimg absorption ov or that part of 
the ultraviolet spectrum which is occupied by the estrogen cuncs (13), it 
wms madvisable to use the ethei -toluene method for the scpaiation of 
estiogens from andiogcns Consequently, we studied the application of 
ultraviolet spectrophotometiy to the othei t3T3e of method, which involved 
the removal of estiogens bj*- NaOII fiom an ether extiact of hj-drolyzed 
urine 

Expenmental Pioceduie — In order to duplicate as closelj as possible the 
steps (Table VII) that are invoh ed m the extraction of estrogens from 
urine samples, an aqueous alcoholic solution of estrone, estiadiol, and estriol 
was prepared and subjected to lydiotysis foi 10 minutes with 30 v olumes 
per cent of 6 n H2SO4 (equivalent to 15 v olumes pei cent of concentrated 
HCl) The hj'^drolysate vv’^as cooled rapidlj’" and extracted four times with 
20 volumes per cent of ethyl ether The ethei eal extract was washed wnth 
three 10 ml v'^olumes of 9 pei cent NaliCOs solution to remov'’e acids, and 
the washmgs were discarded The ether phase w’^as then extracted three 
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Table ^T3 

Procedure for Separaiton of Estrogens from So Called Keulral Steroid Fraeiion 

(1) 1494 '/ pooled estrogens in 15 ml EtOH added to 250 
ml H.O and acidified with 75 ml 6 v H SOi 


( 2 ) 


Hjdrolyze 10 mm , cool, 
extract with 4 X 20 vol % Et;0 


(3) Ethereal phase 


( 4 ) 


Aqueous phase 
discarded 


Wash with 3 X 10 ml 9% JCaHCO* 
and 2 X 5 ml H.O 


A-queous 

phase 

discarded 


(5) Ethereal phase 


(6) 


Extract with 3 X 20 vol NaOH* 


(7) Ethereal phase 


(12) AlLalme phase 


(8) Wash Bith 2 X 10 ml HO, 
add wash to alkalme 
phase 

1 

(9) Washed ethereal phase 

I 

(10) Distil to dryness 

1 

(11) Eeutral steroid fraction 


(13) Acidifj with G N HtSOi to 
Congo red, extract 
■mth 4 X 20 vol %Ei O 


Aqueous 

phase 

discarded 


(14) Ethereal phase 


( 15 ) 


Wash with 3 X 
5 ml HO 


(16) W ashed ethereal phase \qucous 

phase 


(17) Distil to 
dmicss 


discard'd 


(IS) Estrogen fraction 


* Jvmctecn expenments vere done in all Three extractions with allmli vcrc used m 
the first tuo ex^penments, six extractions mth alt ali were carr'xi out n t’’'* r^xt t" che 
experiments, and four extractions vcrc done in the la'* fi c fxp'’Tac'’ts Con-en 
trations of NaOH or KOH x aned from 1.5 \ to 6 N (see Tab’c MID 
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times with 20 volumes per cent of 2 or 2 5 N NiiOil solution The ether 
phase was washed twice vilh 10 ml volumes of distilled vatei, and tlip 
washings weic added to the alkaline ]ihase 'J'hc etlu'Kal solution uib 
distilled to diyncss, taken up m i ml of 05 poi cent etli}! nleoliol, and the 
ultraviolet absoiption cuive of tins solution was delei mined 'I’hc alkaline 
phase was acidified with G n II2SO4 to Oongo led and ( \lraf ti d four tunes 
with 20 volumes per cent of ethyl elhci This etheieal evtract was washed 
three times ivith 5 ml volumes of distilled watci, and tin ( thei lemmed bj 
distillation The icsiduc thereof was dissoh erl in 1 ml of 0") poi cent ethjl 
alcohol and the ultraviolet absoi])tion cuiie of this solution was prcjiarcd. 

Residls — ^The results recorded m Table \ JII indieate that u signilieant 
piopoition of the cstiogcnie hoimoncs, amounting appiONimatel} to 2G per 
cent of the total estrogen content of the initial sample, is left bclimd in the 
so called neutial steroid fiaction b^" 2 a 01 2 5 n NaOII 

In oidei to determine which of the three estrogens, or what combination 
of the three, icmamed in the oiganic phase, each of them was subjected to 
e\tiaction from cthci by a varictj’’ of conccnliations of NaOl I ranging fiom 
1 5 to 6 N 

The results of these studies showed that citiiol is e\f noted from cthci 
quantitatively by 1 5 to 2 5 n NaOII It was appaicnt, thcicfore, that the 
26 per cent of estrogen lost m theandiogen fiaction mibt ha\c consisted 
either of estrone or estradiol, or both Because estrone is rclatu clj less 
soluble in alkali than estiiol, other cxpeiiments wcic doiu* m which estrone 
was extiacted from an etheieal solution bv 3 and (> n NaOlI Estiadiol, 
which has an inteimediate solubility in alkali, was c\ti acted from an 
ethereal solution by 3 n NaOH 

The results of this investigation showed that IG per cent of the catronc 
and 46 per cent of the estradiol w'cre left in the androgen fraction by the 
3 N NaOH, and 81 pei cent of the estrone was unexlractcd by the 6 a 
N aOH 

One must conclude, therefoie, that estrone and estiadiol cannot be re- 
moved quantitativelj’’ from an etheieal extract by four to six extinctions 
with NaOH solutions langmg m concentiation fiom 2 to G N Although it 
IS possible to effect a quantitative sepaiation undci these cxTicrimental 
conditions by a consideiably gicatei numbei of extractions, the latter 
would render the pioceduie impractical Confionted with this impasse, 
we sought othei means to achieve a quantitative lemoval of cstione and 
estradiol from an etheieal exiiract 

Further Expenmenial Procediaes — The quantitative lemoval of estione 
and estradiol fiom an ethereal extiact w^as accomplished through a 1 eduction 
m the solubility of these estrogens in the orgamc pliase by the addition to 
the ether of caibon tetrachloride, m w^hich estiogens aie considerably less 
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soluble (24) Thus the distnbutioQ of estrogens between the organic and 
inorganic phases was altered in favor of the latter 
By tnal and error it was determined that a 1 18 ratio of ether to carbon 
tetrachloride results m a quantitatne removal of estnol, estrone, and 
estradiol by n KOH KOH was substituted for XaOH because KOH 
exhibits a slightly greater alkalmity for the same normality This is de. 

Table vm 


SeparaUon of Eslrogcn Fraction from So Called Eeulral Steroid Fraction 


Expen 

roent 

No 

Estrosen 

Orsamc soKeal 

Aliah 

No of 
esUac 
UOOS 

Altalj 

Esvm- 
Sen in 
toUl 
ncutn.1 
steroid 
fraction 

Estro- 
gen in 

eSvTO- 

gen 

fraction 











fcT cent 

per cn4 

1 

Pool* 

EtiO 



NaOH, 

2 

N 

3 

20 

37 


2 

<( 

<< 



Ct 

2 

tt 

3 

20 

26 

C7t 

3 

<( 

l( 



It 

2 

5 “ 

6 

15 

27 

76t 

4 

Estnol 

** 



it 

1 

5 “ 

6 

15 

0 

04i 

5 

«< 

<< 



It 

2 

5“ 

G 

15 

0 

99: 

6 

Estrone 

11 



tt 

3 


0 

15 

40 

51 : 

7 

«< 

(I 



tt 

C 


0 

15 

SI 

ic: 

8 

Estradiol 

11 



ft 

3 

tl 

C 

15 

46 

55: 

9 

Estrone 

Et-0 CCl., 

1 

1 

“ 

2 

5 “ 

0 

15 

41 

65: 

10 

(( 

** 

1 

1 

“ 

2 

II 

6 

15 

2S 


11 

(1 


1 

1 

KOH, 

2 

44 

C 

15 

22 


12 

(( 

(1 

1 

1 

«f 

1 


G 

15 

17 


13 

(1 

11 

1 

1 

tt 

0 

5 “ 

6 

15 

2S 


14 

<( 

4 1 

1 

0 

It 

1 

4 4 

6 

15 

0 


15 

It 

14 

1 

9 

It 

1 

41 

4 

15 

3 8 

9o: 

16 

Estradiol 

44 

1 

9 

41 

1 

II 

4 

15 

0 

96: 

17 

Estnol 

44 

1 

9 

44 

1 


4 

15 

0 

91 : 

IS 

Pool* 

44 

1 

IS 


1 

II 

4 

50 

0 S 



It 

“ 

1 

IS 

44 

1 

«t 

4 

50 

0 



* Lslronc, estradiol, and estnol in appro\imatel\ equal amounts 
t Aliquot of ether catract of acidified alkaline phase 
t Tot d estrogen fraction 


fairable, inasmuch as the salt content of the final residues should be kept as 
lot\ as possible in spectrophotometnc uork 

It remained to find out whether or not the androgens are earned oa cr into 
the estrogen fraction, and aice aersa, under the foregoing e\'penment'’l 
conditions Vccordingh , three groups of exiienments were ‘^et up in t Inch 
single specimens of androgen'-, pools of androgens, and pools of androgen- 
plus estrogens were submitted to the separation procedure 
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BEPAKATION OF ANDnOGENS AND ESTIIOGENS 


In Experiment 1, an alcoholic solution containing 4 98 mg of androstcrono 
was dued bj'’ suction in a scparatoiy funnel Tlie icsiduc llicrcof ^\as dis- 
solved in cthci and caibon tetrachloride, and extracted four times with iX 
KOII. The latter pooled aqueous extinct si as ■washed two times with 
caibon tetiachloiide This wash was lien ted as the original organic phase 
and kept sepaiate fiom it (Subsequent tnals luue shown that such a 
wmsh does not cany estrogens along with it ) 'J'hc aqueous frai tion, ordi- 
nal ily containing the cstiogcns, was then neidiricd and ext meted with ether 
The ethoieal extract wms washed with sodium bicaibonate solution and with 
w^atei and distilled to di 3 ''ncss bj’’ steam 'J’he final residue w as dissoh cd in 
alcohol, and the solution examined spccliophotometiienllj The organic 
fiaction containing the andiogcns was waslicd with water (the wash being 
added to the oiiginal aqueous phase) and diicd bj suction Tlic residue 
w^as dissolved in alcohol in picparation for spcctiophotometrj A 6 15 mg 
sample of isoandrostcronc was treated in an identical manner 
In Expel imcnt 2, a pooled sample of 19 92 mg of androstcrono and 2 2 
mg of dchj^droisoandrosterono was subjected to the procedure outlined for 
Expenment 1 An identical sample was treated likewise, except that it was 
hydiolyzed for 30 minutes instead of 10 minutes 
In Experiment 3, two identical aliquots of a pooled sample of estrogens 
and androgens were subjected to the procedure cmplojcd m Experiment 1, 
except for the w ash of the aqueous phase which w ns omitted Each ml of 
this pool contained 10 04 mg of androstcrono, 1 32 mg of dclndroiso- 
androsterone, 29 4 7 of estrone, 30 0 7 of cstiadiol, and 29 7 7 of cstnol 
Results — ^The results in Table IX indicate that the foregoing procedure 
separates androgens from estrogens quantitatu clj' 

Sepal ahon of XJnnarij Estrogens from Other Urinary Phenolic 
Substances by Steam Distillation 

The foregoing studies w ith crj'stallme estrogens hai c had as their even- 
tual goal the application of the spcctrophotomctric method to the assay of 
the estrogens in urine In this connection, one should recall that the ultra- 
violet absorption curves characteristic of the estrogens are simulated by 
phenolic substances, including the urinarj’’ phenols, m that thej’’ show pro- 
nounced absorption over the same range of the spectrum with maximal 
density in or about the region of 280 mji (3, 4, 20) It follows, therefore, 
that the estrogens must be separated quantitativelj'^ from the other urinar}’' 
phenolic substances before thej’’ can be determined quantitatively bj^ the 
ultraviolet spectrophotometnc method 
In accordance wath equations formulated b}'' Naumann (25) and by 
Virtanen and Pulkki (25), it can be predicted that steam distillation can be 
used to effect this separation 
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Because of the relative insolubility in irater and the low i apor pressure of 
the estrogenic phenols, they are practically non-steam-volatile This may 
be contrasted with the ready solubility and relatively higher vapor pressure 
of the other unnary non-estrogenic phenols, such as phenol and p-cresol, 
which consequently are steam-volatile In accord vnth these theoretical 
considerations, Dobriner, Lavin, and Rhoads (20) found that estnol cannot 
be detected spectroscopically m the steam-volatile fraction after steam distd- 


Table IX 

Separalion of Crystalline Androgens from Crystalline Estrogens 


Ezpuiment No 

H} drolj su 

Steroids reco\cred 

Estroitcn 

fraction 

Androgen 

fraction 

1 Androsterone, 4 98 mg 

None 

fCT cert 

0 

per cent 

laoandrosterone, 5 15 mg 

t< 

0 

112* 

2 Each ml of pooled sample contained 

androsterone 0 905 mg , dehydroisoandros- 
terone 0 100 mg 

Aliquot 1 

10 mm 

0 

lOG* 

« 2 

30 “ 

0 

113* 

3 Each ml of pooled sample contained 

androsterone 10 04 mg , dehydroisoandros- i 
terone 1 32 mg , estrone 29 4 y, estradiol 

30 0 y, estnol 29 7 7 ! 

Aliquot 1 

None 

107* 

100 * 

“ 2 

<( 

104* 

to 


‘These spectrophotomotnc cunes disclose small traces of a residue of carbon 
tetrachloride, which is difficult to get rid of at this point, but which is apparent! j re- 
moved later on in the procedure This maj account for the experimental error repre- 
sented bj the difference between 100 per cent and these xalues The latter cannot 
be attributed to the inefficient separation of estrogens and androgens, inasmuch as 
there is no indication of the presence of a steroid in the contour of the curie repre- 
senting the difference between the reagent control and the rccoicrcd androgens or 
estrogens 

lation, -whereas the absorption bands of phenols, such as phenol and the 
cresols, are absent from the non-stcam-iolalilc fraction after steam distil- 
lation Thej" did not attempt a quantitatix e rcco\ erj of the cstriol, which 
may be a necessarj step, inasmuch as the steam distillation took place m an 
acid medium in which destruction of estrogens might ha\ c occurred 
The present report deals wnth two aspects of this problem (1) to deter- 
mine the effect of steam distillation on the quantitatne recoicrj of 
crjstallme estrone, estradiol, and cslnol, (2) to ascertam whether or not 
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the steam-volatile phenols of hydroh^eil mah nnne ran be separalcfl 
completely from the non-slcMm-\ olaf ile fiadion bv sp mi distillation 

Ex-poimcni !■ — Appioximateb equal amounts of (hemuall} pure ens- 
tallme estrone, estiadiol, and ostiiol neie dissohod m Oo pci (cnt etlql 
alcohol to make a solution containing hO (i '> of pooled estrogens per ml 15 
ml of this solution wcic placed m a small boiling flask 'ind diied In suction 
The residue Mas dissolved in 0 5 ml of b'l jui rent elh\l nholiol, diluted 
with 5 ml of distilled vatei, and slcam-disiilled in an all-glass still to lOO 
ml of distillate The steam distillation hin ing been i omjih led, the aque- 
ous solution lemaimug m the flask Mas diied In sudion, and the residues 
dissolved m 15 ml of 95 per cent cthjl alcohol Vn ab^orptlnn cur\c Mas 
detei mined on this solution 

Rcsi.ilts — Steam distillation pci nutted the (jnantitatne uroverj of the 
three estrogens M'lth Minch the experiment m as si arted Comparison of the 
absoiption chaiacteiistics of the pooled sample, mIucIi had been subjected 
to steam distillation, Mith that of an identical untreated ahciuot disclosed a 
difference of only 0 6 per cent mIicii moasuicd at 280 nm 

Expenment 2 — 1 liter of male mine Mas h} dioly?cd m itli 15 a oluincs per 
cent of concentrated hj''drochloric acid for 10 minutc& and extiactcd Mith 20 
volumes per cent of ethyl ether (24) The ether extract m as m ashed m ith 9 
per cent sodium bicarbonate solution, and the andi ogenic frad ion separated 
fiom the estrogenic fiaction by n KOII The alkaline estrogenic fraction 
M^as acidified and extiactcd Mith ethyl ether The ether Mas distilled off, 
and the residue dissolved m 50 ml of 95 per cent cth\ 1 alcohol The equal 
aliquots of this solution M'ere diluted 10-fold in ordci to reduce the optical 
density of the latter to a loadable level This dilution factor son cd also to 
eliminate from spectrophotometnc considoi ation an aheady iclatncly Iom 
content of estiogen, so that this ex-tiact contained essential!} only non- 
estrogenic unnaiy phenols One aliquot m as stcam-distillcd bx the method 
described for Experiment 1 Both aliquots were tested spcctrophoto- 
metncally 

Results — In accordance Mith the obsenations of other inx cstigators (3 
4, 20), we have found that unnaiy phenols, othei than the estrogens, are 
characterized by ultraviolet absoiption cun es, m Inch resemble closely those 
of estrone, estiiol, and estradiol Cun e A, Fig 5, icprcsents the ultrax lolet 
absorption of the total phenolic fraction of a 1000 ml sample of male uime 
The shape of this cuiwe, and the fact that it exhibits minimal density at 
250 mp and maximal density at 280 mju, endoxv it Mith the general and 
specific absoiption characteristics of the uiinary phenols, Minch include 
the estrogens Curve B lepiesents the absoiption of this unnaiy extract 
after steam distillation It is cleai fiom the shape of Cuiwe B that the 
substances M'hich produced the t}'pical phenolic absorption are steam-x'ola- 
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tile This was verified by calculating the difference betv een Cun es A and 
B, the results of which are plotted in Cun^e C Cun'-e C is typicallj’’ phe- 
nolic Although Cun^e B, which represents the non-steam-\ olatile fraction, 
does not disclose the presence of phenohc substances, this does not con- 
stitute proof of their absence, since the ratio of the density of the unnarj 
background matenal to that of the estrogen content determines whether 
the typical estrogen absorption cun'e is detectable It should be noted 
that the foregoing experiment was not meant to be quantitatne It 



Wm LEUCTH IN Hfl 

Fig 5 Steam distillation of extract of male urine Cun c total phenolic frac- 
tion, Cur\e B, non steam-i olatile fraction, Cur\c C, steam \olatilc fraction (Curxe 
A minus Cune B) 

vas detised onlj for the purpose of demonstrating vhat tj^pc of absorp- 
tion cun e IS characteristic of the stcam-i olatile unnarj’’ phenols 

Micro-Girard Separation of Estrone from Estradiol 

Hatung de\ eloped a satisfactorj quantitatii e method for the separation 
of estrogens from androgens, and cstnol from the cstronc-estradiol fraction, 
it remained for us to check the accuracj of the micro-Girard method, v Inch 
has to do inth the separation of estrone from estradiol Sulfunc acid vas 
not substituted for hjdroclilonc acid, as recommended m other parts of 
the extraction and partition procedure, because its use in the Girard reaction 
is disadi antageous Dunng this reaction sulfunc acid causes the formation 
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BEPAKATION OI ANDROGEN'^ AND rSFROGINB 


Taiiit X 

IHtlraclton and Srparalion of 7 -tro'inf front Androgen’- 


Estroncii sample 

(la) 15 ml 05% EtOll solution of poolid 
crj'stnllirocl ca(io;;cna + 250 ml 
distilled II O d- SO ml G \ II SO,, 
lijdrol}7C 10 mm nl 100°, cool 
rnpidlv 


r'ontml 

15 ml 05'', I ton -I 27j ml 
di'ililli d II 0 ‘ ‘■0 ml G N 
II SO,, li\drol\ -( 10 mm nl 
lOd , ( ool rapidh 


ni. 


(2)‘t 


Aqueous plmsc discorded 


1 vtroct \siUi I y 20 \ol *), J t O (nI IJ) 


(1) 1 (her ( ' tr u t of li\droI> iiti 


(1)5\ /I'll with iy 10 „d O';, ISallCO, 


Djscnrd wfislimgs 


(5) I tlif r f \tra( t 


(5) 


Rcdiicf to 3 ml I)\ 
steam jni I et, ndd 
51 ml CCI, 


(7) Etlior ceil 1 IS 


(S) 


So called Evaporate Etlicr-CCI, Wash villi 2 X 1 OrRamc, Vqiicous KOII 
neutral ^ to dryness extract ^ ml II.O, add vnsli pln‘'e [diasc of cstro 

steroid onvarmHsO (1 IS) to KOI! phase (ether (^cnic phenols 

fraction bathvitli 


Extract with 1 X 50 \ol 
% I '' aqueous KOII 


suction, take 
up residue in 5 
ml 95% Eton 
(e) (d) 


(c) 


(5) 


CCI.) 


(n) 


( 0 ) 


* Quantitative check bj’- ultraviolet curve on aliquot of ether extract 
f Quantitative check b}' ultraviolet curve of fifth ether extract (for completeness 
of extraction) 

JSFl represents extraction in a 500 ml separatorj funnel 
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of more interfering background material than is encountered mth the use of 
hydrochlonc acid 


Table XI 

Separation oj Non Sleam-Votalilc Lsirogentc Phenoh from Slram-Volalilc Suh^larcc' 
f9) Aqueous KOH e-rtract of estrogenic phenols 


ao)* t 


Vcidih ivith 6 N H SOj to Congo red, extract mth 
4 X 50 vol % Et-O (SFU) 


fll) Ether 


(12) 


phase 


Wash mth 1 X 5 ml distilled H 


O 


Discard aqueous phase 


Wash discarded 


(13) Total phenols in Et O 


(14) 


Distilled to dryness b% steam jaclet, taken 
upinSml 059c EtOH, add 20 ml distilled 
HO 


(15) Total phenols in aqueous EtOH 


( 10 ) 


Steam distil to 500 ml of distillate, maintain 
mg \olumc in funnel at 20 ml , dn b'i sue 
tion with aid of warm bath 


(17) Residue of non steam \ olatilc phenolic estrogens 
estrone, estradiol c«tnol 


(IS) Steam volatile SJbrtances 


tlO) 


Dissohc residue m 1 ml ''5'^ EtOII add 100 ml lienzca'' 


t20) Benrcnc solution of estrogens (Sri+) 


* tjiiantitatne chccl- b\ ultraaio'et cu’~ con ahquo of e'hercxtrae 

t Quentilatite died b\ ultraMolct cur e of fifili c'l'c- c\trac* ffo’- comp'eti ot 
latmction') 

♦ Sri rcprc-'cnt'i extraction in i VX) ml £_j> iraion funnel 


Experimental Procedure — Exploratory axperunents to dctcrmnie the 
ntcuracy of the Pmcus-Pearlman modification (20) of the micro-Girard 
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SUPARATION or >\^D^OGL^S AM) LSTIlOOLNB 


method were cniiied out on tliK'O bJiniplcs of t'slrogens A i)Ooled sample 
of 500 each of estione, cstiadiol.nnd estiiol iind a smfde ‘'ami)leof 500 7 of 
estiadiol weie bubjected to scjiaiation at llie i)t)inl of the b( n/f ne-])hosj)l)atc 
partition, the ben/one fiaclion wa^ canied thiotipih Ihe micro Clirard pro- 


Taiu I All 

i^iparnlton of JJ'itiin! from J 'Itoih J •^Irrulio! / rnrlioti 
(20) licnronc ‘'olulion «if 0 ‘<<ro},( ii*' (SI I*) 


( 21 ) 


] \tn( I with ;t X '^1 ml OOT'iM Afi»lII’0( 


(22) \qucous jiliasc, "strong;” j)ficnoI 
(cstnol) (SI-'2*) 


(23)t 


Acidify Milli G N JI bO< lo 
Congo red, cvlnct i\i(h 
4 X 76 ml E(;0 


(24) Ether extract Discard aqueous jihnsc 


(25) 


Wash iMth 2 X 5 ml distilled II 0 


(26) Washed ether extract (SF2) Discard 

w ashings 


(27) Distil off EtiO, dissolve residue 
in 5 ml 95% EtOH 


(2'l) Ih'iirf Ilf plin*-! , “ufak" phrnofs 
(cstrorif , ( sirnfliol) 


(50) j HedurL Miliimc in SI J lo2,>mI 
h\ mu (mn with aid of warm 
II Ohalh, transfer dirertb to 
2")0 ml funnel (S1 1) and drj 
hcnrrnc, nn“c.SI linloSITIb) 
5X5 ml n'%riOH,drj 

Eton 

(.51) 1 strogeii residue (SFSt) 


(52) 


Sl3uitli residue o\ cr P;Oj in 
\nruutii desiccator mcmight 


(35) Drx residue of estrone estradiol 
fraction for micro Girard (SI 3) 


(28) Estriol fraction, read ultraviolet curxc 


* SFl and SF2 represent tno 500 ml separator^ funnels 

f Quantitative check bv ultravaolct curv'o of fifth ether extract (for completeness of 
extraction) 

t SF3 represents extraction in a 250 mi sepnrntorj funnel 

cedure subsequently A third pooled sample coutammg 500 7 each of 
estrone and estradiol was subjected to the micro-Girard procedure only 
The concentiation of estrogen in each instance was about 100 7 per ml 
Results — The lesults of these e\penments nere as follows 
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92 per cent of the estnol from the pooled sample of three estrogens a= 
recovered from the phosphate phase Of the estrogens m the benzene 

Table XIII 

Modified Micro-Girard Separation of Estrone from Estradiol 
(33) Dr> residue of estrone-estradiol fraction (SF3*) 

(34) A-dd 2 nd glacial acetic acid, then 400 mg Girard’s 

Reagent T Stopper funnel mth adapter fitted vath CaCT 
tube, heat on H O or gljcerol bath at 00-100' for 20 min , 
cool in desiccator, add CO ml icc cold distilled H O, then 14 
ml chilled 10% XaOH, mix, extract with 4 X 30 ml Et Of 

i 

(42) \queous alkaline phase, 
estrone fraction 

(43) 4cidif\ uTth 12 ml con- 
centrated HQ, keep at 
room temperature for 2 
hrs , extract inth 3 X 
50 nil EtaO in SF4*t 

Aqueous phase (44) Ether extract 

discarded j 

(45) ^ ash with 1 X 20 ml 2^% 

Xa COj and 3 X 10 ml 
distilled II O I 


(4G) Ether extract Aqueous phase 

(SF4) discard''d 

f47) Distil to dn-ncss, dis-oUe 

rcsidu" in 5 ml *15% EtOIl 

(4S) Alcoholic solution of cstrore 

(Rpad uhranolct cunc) 

* SF3 and SF4 represent extraction in a 250 ml separato-i funn'l 
tQuantitatne check b% ultranolet cune of fifth ether cxtr>ct (fo- comp*' rre-^- of 
extraction) 

phase, 100 4 per cent of the estrone and 103 per cent of the estradiol vere 
rccot cred after the Girard separation 
97 per cent of the estradiol and 102 per cent of the estrone were rccox cred 



(35) Ether phase, estradiol fraction (SF3) 

(36) Wash Both 1 X 20 ml ice 
cold distilled H.O, add 
wash to aqueous phase 

(37) Washed ether o\-tract 

(3S) Wash with 1 X 20 ml 2 5%i 

Na COj and 3 X 10 ml HO 


(39) Ether extract Aqueous phase 

(SF3) discarded 

(40) Distil to drj-ness, dissoho 

residue in 5 ml 95% EtOH 

(41) Alcoholic solution of estradiol 

(Read nltraxoolet cun e) 
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from the pool of these two estrogens after tlicy hnd been subjeeted to the 
Girard pioccdurc only 


Tahia 

Recovery of CryslaJhnc JRtroyem Jiom AyiKow' Alco/mlic ,'^oluttoii tm Rro/w’ird 

Alio Prouilun 


I xpcrimcnt No 

t 

Amount niWnl j 

I'cmiifi 'cr ' 
itlrr rrno il 
<i! nliaiuili ' 

\r r 

int rcci ^ ffrd 



1 

Tf ( 

/ 

/ 

ffr 

Estrone 


) 

GOl 

{J5 

tIJ 

'III (1 



2 

G'l'l 

K.t 

.‘^l 

NJ (N 



9 

' 

177 

ill 

’) ! 0 



1 

:»T) 

177 

111 

92 0 



5 

535 


(no 

, 91 



G 

5r> 


','ls 

0 



7 

535 


) ) 

9) 9 



s 

535 


TOf, 

11! r, 

Estradiol 


1 

i 500 

.LM 

2)0 

"1 G 



2 

1 513 1 

in 


SI 0* 



3 

5H 

151 

1 ib 

90 0 



4 

513 ' 

ICf) 


SI 0* 



5 

4D5 


170 

95 0 



G 

495 


170 

' 90 7 



7 I 

495 ( 


195 

, 100 0 



8 1 

195 1 


100 

‘ 99 0 

Estnolf 


1 : 

510 


19] 

91 0 



2 

510 


502 

93 0 



3 i 

510 


509 

9S 0 



4 

510 


50G 

93 7 



5 

510 


ol7 

1 95 s 


♦Although not a part of the mothoiJolog\ , it was tlcuutd fsuntial to ciicck nt 
strategic points the accuracy'’ of the c\ti iction aiul partition jirocodurc h\ reuioiing 
and assaying quantilalivclv aliquot portions of the estrogt n pool The sum tot il 
of the estrogens removed during these penothc cheeks u is sutitracted from the 
amount originall 3 ^ added, and the rein undci i\ is u^'cal is *i h i^is for conifiarison 
Phis added cvjieruucntal niaiieueer probat>]\ 'le counts for the occasional lov re* 
covery values for estrone and estradiol 

t Prior to these e\penments, si\ detciminations ucioelonc in which thcre(o\cr^ 
of estriol vai led from S2 9 to 89 per cent Since higher rccoe cr\ \ alucs w ore obt au ed 
consistently by increasing the number of extractions m the licnrenc-phospliatc par- 
tition from two to three, and lower values were found consistentU wlien the number 
extractions was limited to two, it is assumed that the low \alucs were due to in- 
complete extraction of ostriol from the estrone estradiol fraction 

Of the estiadiol that was earned thiougli the benzene-phosphate par- 
tition, none was found m the phosphate phase, in which only estnol is 
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extracted under these conditions After the Girard treatment, 93 per cent 
of the estradiol was'found m the non-ketonic fraction, m -nhich it is to be 
expected, and 5 per cent was lost m the ketomc fraction i\here it ould hai e 
interfered wnth the determination of the estrone ordmanly This sepa- 
ration was earned out with three 50 ml \ olumes of ether Further m\ esti- 
gation disclosed that a fourth ether extraction ob\ lated this 5 per cent loss 
of estradiol Several attempts to detect estradiol m a fifth ether extraction 
failed to disclose its presence, e\ en with the sensitix e spectrophotometnc 
technique 

In accordance vnth our general pohey of reducing the number of transfers 
of matenal from one piece of apparatus to another, aU of the steps up to the 
actual separation of estrone from estradiol were conducted in a single 250 
ml separatory funnel, vhich was fitted vnth a straight adapter closed -unth 
a CaClj tube The funnel w as heated in a honzontal position on a water 
bath at 90-100° for 20 minutes, dunng which time it was rotated through 
180° every 5 minutes The neck of the funnel was protected against con- 
densation of steam by a cardboard guard A gli'cerol bath was found to be 
more satisfactory than the water bath Because of the size of the funnel, 
it w'as necessarj'' to increase the i olume of glacial acetic acid from 0 5 to 2 
ml , with proportionate increases m the amounts of the other reagents m the 
Girard procedure 

Essentially New j\Ielhod for Extraction and Partition of Crystalline Estrone, 
Estradiol, and Estnol, and Their Quanlilatiie Assay by 
Ultraviolet Spectrophotometry 

A quantitative ultraviolet spectrophotometnc method for the assay of 
estrogens was dev eloped on the basis of the data which hav e been recounted 
in detail throughout this communication Tlie new features of this method 
included the following (a) separation of the androgens from the estrogens 
by equilibiation between ether-carbon tetracliloride (1 IS) and N KOH, 
(6) partition of the estrogens into strongly and weaklj phenolic fractions bv 
the use of benzene and dibasic sodium acid phosphate, (c) the use of 
specially designed apparatus which makes it possible to reduce to a mini- 
mum the number of transfers of extracts and residuc-s,’ (d) application of 

' y c nrc indebted to Dr Dean Frayer for tlic (icsipn of a ypccial adapter t\hirh 
i;\ as used t o connect an all glass steam distillation "ppasatus v ith a XO ml separates 
funnel, thus obaiatiiiK the neccE=it\ of transferring the residue to a boding fl'sl 
Furtliermorc, a steam jacket, designed to be U'cd on a CfO ml separatora funnel, 
(iiabled us to reduce the aolun c of etlier eatracts directlv from tbe funnel in ''■hicb 
the evtraction was made Particular attention si ould be directed to tie f-’Ct tb-* 
the evtraction and partition procedure for cacli estrogen " as pcrfo'ired in a li”'i ‘‘d 
amount of glassware, which consisted of ore boiling fla'l in v hmli the initial hvdrc’ 

SIS was done, two 500 ml separatorj funnels, one 250 ml Eep_rator: funnel, and fcj- 
Erlcnmcj cr flasks 
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the sensitive ultiaviolct siicctiophotornotiic mctliod ef ii^^ny for llic quanti- 
tative deteiniinaiion of ciyfatiillino eslionc, (stiadii)], and cstnol, (c) adop- 
tion of agar ns the hibiitant foi slop-cot'ks of the sejnnalorj funnels, 
because it does not act as an mlcifenng substance fiom a spectro 
photometuc \ icv -point - 

Integrated Expenmenial Evidence Bcurnuj on Ainnaeii of Nne Method— 
Each of eight pooled samples of an aiiueous ah ohola solution of i rjbtallinc 
estionc, cstiadiol, and cstiiol and three single s-nnph"- of e^tnol ucre sub- 
jected to the entile jiroceduic outlined in the flow sheets of 'J’ablcs X to 
XIII The pooled samples contained appioMinuteh 500 -> of cm h estrogen 
The exact amounts may be ascertained b\ refereiue to the df tailed data 



Fig G llccovcrj of crjslallinc estradiol from pool of estrone, ( strrdiol, niul cstriol 
Curves Ai and A-, estradiol fractions from duplicate pooled s imples, Cur\e C, reagent 
control subjected to the identical procedure 

(Table XIV) Reagent controls ncie set up for each of these experiments 
in order to correct for the background material The density t alue of the 
curve of the reagent control was subtracted from that of the corresponding 
estrogen curve at 280 mg 

Remits — ^Analysis of the ultiaMolct absorption cuncs of the final resi- 
dues of each of the estrogens indicates that the results of these cx-periments 

- The agar vas used in the form of a thin, soft jellj made b^ adding 75 ml of dis- 
tilled water to 3 gm of pondered agar The mixture is heated in an o\ cn at 110° for 
30 minutes and then allow ed to stand covered at room temperature for sei oral hours 
This substance remains soft and readj for use if it is packed into collapsible tubes 
Agar has the additional advantage of being casilj rcmoied from stop cocks with 
warm water If it dries on the stop cock w hen the funnel is in use, it mai, bo softened 
by introducing a drop or tw o of water to the surface b} capillary action at each end 
of the stop-cock 
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are reproducible Reference to Fig 6 discloses the quantitatn e accuracj 
TOth which estradiol may be reco\ered from equal ahquots of a pooled 
sample of estrone, estnol, and estradiol Identical experiments aimed at 
the quantitatn e recovery of estrone and estnol, respectively, jnelded 
equally satisfactoiy results The same high degree of accuracy, t e repro- 
ducibihty, was achieved m experiments designed to study the optical 
density of the reagent controls for eacb of these estrogens Fig 7 illustrates 
this pomt for estradiol Although the absorption curves of the reagent 
controls are of the same order of magnitude, it is advnsable to run a reagent 
control on each determmation 

The recovery of estrogens subjected to the foregomg procedure is quanti- 
tative, and the results are consistent Estrone and estradiol were each 



Fig 7 Reagent controls subjected to the procedure for evlraction and partition 
of estradiol (sec Tables X to XIII) , four different experiments 


recovered to the extent of 92 to 100 per cent, and estnol to the extent of 91 
to 98 per cent 


summary 

1 Critical analjsis of the literature on data obtained by methods in 
current use for the partition and assaj of unnarv estrogens discloses that 
the quantitatn e accuracj claimed for them is not in accord mth the results 
on which this contention is based 

2 Restudj of the crucial steps contnbuting to the inaccuracies of 
presenth accepted methods led to the adoption of the following new fea- 
tures (a) separition of the androgens from the estrogens b\ equilibration 
between ether-carbon tctrachlondc (I IS) and x KOH, (b) partition of thr 
estrogens into stronglv andweaklv phenolic fractions bv the u'e of lienrcne 
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and dibasic sodium acid pliosplialc (0 3 m NajCOj is not an oHlcicnt soUcnt 
foi this sepaiation, because onc-Uiitd of the estradiol is cairicd o\ cr into the 
cstiiol fiaction), (c) the use of specially dci-igncd n|)pniatiis which makc^ it 
possible to 1 educe to a minimum the number of liansfcrs of cstiacfs and 
residues, (d) application of the sensitne ultiaMolet spcrlrophotomctnc 
method of assay foi the quantitatno dclcmiinalion of erjstalline cstionc, 
estiiol, and cstiadiol 

3 When subjected to the new procedure, cr\slalline estrogens were 
reco\ercd quantitatn ely and the results were consistent 
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PLASm EsOUGAiaC IODIDE AS A HOMEOSTATIC 
REGULATOR OF THYROID FQXCriON* 

Bt J WOLFFt AXD I L CHAIKOFF 

{From the Dtmsion of Fhysiolojy, Umtersily of California Medical School, Berl ‘•ley) 
CReceived for publication, February 16, 194S) 

The enzjTnatic comersion of iodide to th3TOxine and diiodotjTosme is 
one of the mechanisms enabling the thjToid gland to concentrate lodme 
It will be shown m the present study that this mecliamsm is controlled by 
the level of plasma morganic lodme' Orgamc binding of iodine vithm 
the gland can be almost completely blocked by raising the le\el of p'asma 
morganic iodine above a certain cntical Icv’el, which for the rat amounts 
to about 20 to 35 7 per cent The inhibition, however, is not permanent, 
for as soon as the level of plasma morganic lodme falls below this cntical 
range, the gland again resumes its function of orgamc binding of iodine 
These results, therefore, suggest that plasma morganic iodine acts as a 
homeostatic regulator m the formation of the thjToid hormone This 
regulator probably serves to prevent the formation of excessn e amounts of 
hormone by the gland when the body 13 suddenly flooded with lodme 

EXPERTMENTAIi 

Long'Evans rats weighing 175 to 225 gm were used throughout They 
were injected intraperitoneally with xanous amounts of iodine m the 
form of KI labeled wath In no case was the dose of radioactn ity great 
enough to produce deleterious effects on the gland dunng the mtenals 
studied* Blood was remo\ed from the heart while the rats were anes- 
thetized with sochum pentobarbital (20 mg per rat) Equal amounts of 
plasma from each of fi\ e or si\ animals w ere pooled, and 2 cc of plasma 
were used for duplicate chemical determinations of total plasma iodine (2) 

The thyroid glands of the rats used in this m\estigation weighed 10 S = 
19’ mg per 100 gm of bodj' w eight Each gland contamed approvimateh 
5 to 10 7 of iodine 

The thjToid gland of each rat, after it had been rapidh c'tised and 
weighed, was ground with 1 cc of cold 10 per cent tnchloroacetic acid m 

* Aided b> grants from the United States Pub’ic Health Semco and the Commit'eo 
of Endocnnologj of the Jsationnl Research Cojnc 1 

t Rosenberg Fclloiv of the Univcrritj of Califo-nia 

* A preliminary report of some of the data pre:::ntcJ hc'c has appeared (1; 

•Feller, D D , Taurog, \ , and Jonea, H B , unpjjhshed observations 

* Standard delation •» y / (IJ (i, — r) )/r 
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an all glabs honiogcuizci 'iiio i)rcci})itaU' oUtainod l)j ( (’nlnfiigatiori v.ns 
then ^^a^^hcd Umpc with 2 I tc of 5 ppi U'Ut li uhloio'u otic, acid ihc 
bupcin'itants i\oie combined foi dcleimination of ladio-utuitA , thw fiar- 
tion containb only tlic moignnie iodine of tlie gland d’lic prci ipitatc 
was dissolved m a minimal amoiml of 2 x Na(^ll on a '■team batli, and a 
suitable ahcpiot vas anah/ed for ladioac In ilv, Ibis tin hloioacetu acid- 
insoluble fiaction of the gland eontams onh oigann dly bound iodine 
The absolute amount of the vijirUd iodine rec o\( icd m a gnen fraction 
of the tlijnoid gland, citliei tot'd oi oiguni(all> bound, uas obtained In 
multipljung the numciKal piopoitmn of the mjeitcd ladioac tn itj rc- 
coveied in that fiaclion bj’ the microgiains of J'-' mjec ttd info the rat 
Tluis, a lecoYcrj of 5 pci cent of the admimstc led I'"' m a fraction pre- 
paied fiom the thjioid of a lat that had hrtn mjec ted with TiO y of V'' 
Mould mean that 0 05 X 50 oi 2 5 of the mjiclrd h'ld acc omp'iiiicd it 
By the use of this labeling pioccduic, the sop-n.itioii of tlie amount of 
injected I'” that entered a gland fiom that jire-cnt before the injection 
becomes quite simple It cncunucuts the dinuult\ m making such a 
sepaiation in glands uith \aiiable iodine contents 

In order to test the sepaiation of the gland’s iodine into oigamc and in- 
oiganic fiactions by the pioccduic dcsciihcd ahene, ‘'0\cial tluioids ncro 
excised from lats and thoi oughh ground w ith 1 ci of 10 per c cut trichloro- 
acetic acid containing 10 7 of I'-* as IG labeled uith I‘“‘ "I'lic ptei ipitvate 
was Mashed as desciibcd aboic Judging from tlie amount of radio- 
activity found m the liithloroacclic acid-msohiblc fiaction, onlv 005 per 
cent of the added iodide Mas icco\cred in nhat is toimod here the organic 
fraction 


licsults 

Five levels of iodine administration Mere studied, n'nnol> 10, 50, 100> 
200, and 500 7, and the lesults obtained m these fi\e experiments are 
recorded m Figs 1 to 5 With the exception of the 10 7 dose, the amounts 
injected gieatly exceeded the iodine contents of the tlmoids of the rats 
used heie In each expei iment tM enty-fn e to thn tv 1 ats m ere used, all of 
Mdiich M'eie injected Muth the same amount of labeled I'-' Each tlmoid 
value shown m the figuies repiesents the aiei'ige of fuo 01 six closcl} 
agreeing measurements obtained fiom as many rats 
Admimstrahon of 10 y of Ji”— Both total and 01 game iodine of the 
thyroids rose lapidly aftei the injection (Fig 1) In 2 5 houis, 2 •> of the 
injected iodine had entered the gland, and at tins eaily mteival 95 pei cent 
of it M'as already in the organic foim The maximum amount of iodine 
(approximately 6 7) M'as found at the 5 houi interval, tins repiesents about 
60 per cent of the administered lodme 
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Not only at the very earliest interval but at all subsequent intert als up 
to 50 hours after the injection practically the entire amount of the injected 
lodme acquired b}' the gland was orgamcallj boimd 
At the mtervals examined, the total plasma lodme in the rats did not 



HOURS AFTER INJECTION w I" 


Fio 1 Changes m plasma and thjroid lodme nith time, following the injection of 
10 y of iodide m rata 



Fig 2 Changes in plasma and thjvoid iodine with time, following the injection of 
50 Y of iodide in rats 

attain \ alues m excess of 5 -j per cent It should be recalled that approx- 
imatelv 3 y per cent of this total iodine protein-bound, vhercas the 
remainder is inorganic iodide (2) 

Admttitslralwn of 50 of P " — ^The ra=ults shoini in Fig 2 were un- 

expected, for less of the injected iodine iias found in the tluTo ds o^ rats 
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that leceived 50 7 of 1'=^ thaxi in those of rah injcHccl nilh 10 7 Even 
more surpiising was the finding that dining the fii^t -i honr^) (Fg 2) most 
of the accumulated iodine was t^oi or,i(in?cfiU’/ hovu'! Not until after 5 
houis did the gland begin to conxcit bignifu'int amoimtM of the injected 
iodide into oiganic foims Thus at 12, 25, and 50 houn-, aftei the injection, 
3 4, 3 9, and 3 7 7 of the injected I'-’ were fotiml m the gland, and 05 per 
cent of these amounts ivas m the 01 game foim 

Duiing the tune when no oiganie iodine nas lieing foiincd, the x allies 
foi plasma iodine exceeded 25 7 per cent 

Admimsbahon of 100 7 of scpai.ite (ffe^t^ piodmed Ivy the 

injection of 100 7 of iodine aic biought out in Fig 3 (1) inhibition of 
oiganic binding of the injected iodine bv the tluioid gland during the earh 



Fia 3 Changes m plasma and 
100 y of lodido in rats 


thyroid lodino with time, fo'lo.Mng the injection of 


hours, and (2) early concentration of the injected iodine m the gland m 
non-organic form 

Here, as in the preceding experiment, significant amounts of organic 
iodine were not synthesized in the gland for the first S to 9 hours, during 
which time the level of plasma iodine exceeded 25 7 per cent 
Table I shows quite definitely that the noimal gland possesses a mech- 
anism for concentrating iodine that is not dependent upon its organic 
conversion During the fiist G houis the concentiation of iodine in the 
gland appeared to parallel loughly that m plasma (Fig 3) A concentra- 
tion ratio of appi oximatelj^ 100 to 300 seems to have been maintained dm mg 
this tune between gland and plasma moigamc iodine 
After 12 hours, when the levels of plasma iodine had receded, a gradual 
accumulation of the injected iodine occurred m the gland, but this time 
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94 per cent of the injected iodine present m the gland was organically 
bound 

Admmislrahcn of 2C0 7 of — The more str king effects obserred m 
this experiment w ere to be expected m view of the high plasma iodine le\ els 
attamed in the rats The failure of the gland to com ert an> of the mjected 
iodine to organic forms during the first 12 to 13 hours is clearh* brought out 
in Fig 4 Although m 2 5 hours 3 4 7 of the injected iodine w ere present m 
the gland, practically all of it was morganic iodide The earlj accumula- 
tion of the mjected lodme m the thyroid and its loss reSect the changing 


Table I 

Iodine Concenlraltng Capacity 0 / Thyroid Gland While Organic Binding of Iodine 

h Inhibited 


Dose iniected 

Inters al 

PUsai iodine 

l&MiM 

TT 

hrs 

y fcT cent 


60 

2 5, inhibited* 

41 

100 


5, inhibited 

34 

250 


7, escape! 

29 

290 

100 

2 6, inhibited 

59 

1 210 


5, inhibited 

46 

130 

1 

9, escape 

27 

190 

200 

2 5, inhibited 

lOS 

ICO 


5, inhibited 

93 

100 


13, escape 

20 

150 

600 

2 5, inhibited 

330 

ICO 


5, inhibited 

253 

! 130 

i 

17, escape 

32 

220 


•Refers to periods in Figs 2 to 5 during rvhich organic binding of iodine was 
inhibited in the gland 

t Interpolated from Figs 2 to 5, it is the point of inflection in the organic cur\e 
and represents the time at which inhibition v as released 

let el of inorganic iodine in the plasma Dunng this penod the concentra- 
tion of inorganic iodide in the gland was 100 to 300 t mes that of plasma 
(Table I) 

When plasma iodine had dropped to concentrations at or below 20 7 
per eent (approxunatclj* 12 to 13 hours after the injection), the mechanism 
intolving the formation of organic iodine in the ghnd was no longer in- 
hibited and organic lodme rapidly accumulated At the 50 hour inter, al 
about 7 7 of iodine bad entered the gland and rearh all of it \ as found 
organicallj bound 

Administralton of 500 7 of P -' — The results of this experiment, shown 
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m Fig 5 and Table I, aic one of ibe cleaiost (U-inonstnitions of the rapacitj 
of noimal th 3 noid tissue to coneentialo lodme in an inorganic foim JO 
of the injected iodine weic picscnt in the llnioid gland in 2 5 hours, and 



no 


H 

Z 

ui 

U 


w UJ 
to 0- 

’V 


to { 
so ~ 



JO to 



0 a 


Fig 4 Changes m plasma anti th%roid lotline nith fimr, following the injection 
of 200 7 of iodide m rats 



Fig 5 Changes in plasma and thjTOid iodine with time, following the injection of 
500 7 of iodide The plasma value for the 2 5 hour interval is not show n, it w as 330 y 
per cent 

practically all of it Avas recovered in the trichloroacetic acid-soluble fraction 
prepared from the gland In 5 houis the amount of the injected iodine m 
the gland fell to 5 8 7 , but again nearly all of it ivas in the moiganic foim 
By 12 houis the amount of the injected iodine m the gland fell to 1 7 7 , 
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nearly all of which w'as still inorganic This precipitous rise and fall m 
the concentration of ^norgamc wdine in the gland during the first 12 hours 
paralleled the rapid rise and fall in the le\ els of plasma lodme durmg this 
time Thus at 2 5 hours, when the plasma contamed 330 per cent, the 
gland contained 10 2 7 of the mjected iodine, at the o hour interv al plasma 
iodine fell to 253 7 per cent and the gland iodine to 5 S 7 at 12 hours 
plasma and gland contamed respective^ 61 7 per cent and 1 7 7 

The more prolonged inhibition m organic bmdmg of lodme by the gland 
IS m keepmg with the very large dose of iodine injected When 50, 100, 
and 200 7 were admmistered, nearly all of the injected iodine that had 
accumulated m the gland at the 25 hour mtenml was organicallj bound 
This w'as not the case when 500 7 of lodme were mjected, eien as late as 
25 hours only two-thirds of the mjected iodine m the thjToid was organically 
bound This prolongation of the period of inhibition is related, of course, 
to the level of plasma lodme Since we were attemptmg to determine 
at precisely what level of plasma lodme the gland is inhibited, it is of in- 
terest to note that, when plasma contamed 19 7 per cent, all of the in- 
jected lodme m the gland, namely 8 0 7, was organically bound Ap- 
parently the cntical plasma level at which the gland’s actiMty was in- 
hibited was above 19 7 per cent 

DISCUSSION 

The first indication that comersion of inorganic iodide to diiodotj-rosinc 
and thiToxine can be blocked m normal thjToid tissue bj excc^sw e amounts 
of iodide came from the in i ilro experiments of ^lorton cl al (3) These 
w'orkers demonstrated that, when 300 mg of sheep thjTOid twsue were 
incubated m 3 cc of a bicarbonatc-Ringer’s medium contaming 1, 5, 10, 
15, 20, and 50 7 of P-' as morgamc iodide, an mhibitorv effect on the con- 
\ ersion of the Ringer's P=^ to dnodoUwosme and thjTO\ine occurred w hen 
the amount of I*-’ exceeded 20 7 

The results of the present im cstigation confirm and extend the obsen a- 
tions of Morton cl al (3) They show that the actiMt\ of the normal 
thawoid gland, e\en in sjtu, is inhibited in the presence of c\ce«i\c con- 
centrations of inorganic iodide Dunng the first G to 12 hours after the 
injection into normal rats of 50, 100, 200, and 500 7 of iodine, the formation 
of organicalh bound iodine is almost complcteh blocked The time rela- 
tions sliomi in Figs 2 to 5 suggest that this block m the ( on\er-ion of the 
injected iodide to organic forms is related to the lei cl of plasma inorginic 
iodide This relation between plasma iodine and thiToid ictuiti ic more 
clcarh brought out m Fig G m which the concentrations of plami i iodine 
were plotted against the imounts of injected iodine that were organu alh 
bound in the thiToid glands Fig 0 shows that no organic binding of the 
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injected lodmc occiiiicd in oui c\i)ciinjen1s so long as the level of plastna 
iodine icmaincd above 20 to 35 i)ci ccnl,andonl} when the level of pi ism.i 
iodine fell below this lange did llic gland show anv tai)acity foi organicalh 
binding the injected iodine 

Thus, the inhibitoi}' effect of c\te'’Sivo ainoinits of iodide upon normal 
thyioid function has now been eslabhshed in vno as well as in iitro anrl 
foi lat thyioid as well as foi shcc)) Ihj roid 



Fig 6 The relation of the level of phbinn iodine to the inlnlntion of organic 
binding of iodine in the thyroid gland The ordinates represent tlic imcrogranis of 
the injected present in the organic fraction of the gland This figiiro shons that 
organically bound iodine can form in the gland onlj when the concentration of plasma 
iodine does not cNcecd 35 7 per cent 

Despite an almost complete block m the gland’s capacity to bind iodine 
organically duimg the fiist 6 to 12 horns aftei the injection of massive 
doses of iodide, the gland does not lose its ability to concentrate iodine 
at such times The concentrations of tnoigamc iodine found m the blocked 
gland‘‘ weie loughly 100 to 300 times those m plasma (Table 1) Theie can 
no longei be any doubt, theiefoie, that even the noimal thyioid possesses a 
mechanism foi concentiatmg iodine which is not dependent upon its con- 
vulsion to oiganic foims A sunilai mechanism foi concentiatmg iodine in 

■•The thyroid glands of the rats contained compaiatively small amounts of in- 
organic iodine before the injections were made 
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the inorganic form has been demonstrated by Vanderlaan and Vanderlaan 
( 4 ) and b^' Taurog el al ( 5 ) m the th3Toids of rats made goitrous by treat- 
ment with prop3 Ithiouracil Thus, whether the orgamc bmdmg of lodme 
m the gland is blocked by a goitrogenic substance or bj' excessi\ e amounts 
of inorgamc iodine the thjTOid can still concentrate lodme 
It IS plausible to assume that the level of plasma lodme is part of a 
homeostatic mechamsm govermng hormone sjmthesis m the gland This 
lev el was found to be approximately 20 to 35 7 per cent Smce the con- 
centration of inorgamc lodme m the th3T0id is approximatel3'' 100 to 300 
times that m plasma, the mhibitoi3* lev el inside the gland (undoubtedlv the 
immediate agent responsible for this homeostatic control of hormone 5371- 
thesis b3' the gland) amounts to approximate^ 2 to 10 mg per cent When- 
ever large amounts of lodme are mgested, the animal limits the conv'ersion 
of morgamc lodme to th3T0id hormone and is thereb3' afforded sufficient 
time to nd itself of the excess lodme 63* means of this homeostatic regula- 
tor the formation of toxic amounts of th3T0id hormone is prev ented 

WTiat IS the mechamsm b3' nhich orgamc bmdmg of lodme m the normal 
th37oid gland is inhibited b3' excessiv e amounts of morgamc iodide? That 
the inhibition operates b3' suppressmg the secretion of th3Totropic hormone 
of the antenor hypophysis would appear to be ruled out by the :n vitro 
experiments of Morton el al ( 3 ) But the possibiht3' that the excess iodide 
interferes mth the action of the th 37 otropic hormone alread3 present vvnthm 
the th3T0id gland is not excluded Other exyilanations, namel} ( 1 ) lodma- 
tion of 60237063 concemcd in the com ersion of morgamc iodide to diiodo- 
t3Tosme and th3Toxme and (2) inhibition of the formation of an inter- 
mediate in th37'oxme s37ithesis, have been considered bv Morton cl al 
Ev er since the introduction of iodine therapv for the treatment of Grav es’ 
disease b3 Plummer in 1923 (G), the mechamsm bv nhich iodine bnngs 
about a dramatic remission of signs and svTnptoms in patients suffering 
from this disease has attracted considerable attention There can be no 
doubt that under the influence of therapeutic doses of iodine thvToid 
hormone in excessive amounts ceases to be delivered to the circulation 
( 7 - 12 ) A reversal in the direction in which the hormone is secreted, i c 
secretion into the follicle rather than into the blood stream, Ins been offered 
as an exphnition for this iodine effect upon the hv-perthv roid state ( 13 ) 
It lias also been postulated that the therapeutic action of iodine is due to 
the inhibition of the proteoMic enzvTne sv'stem responsible for the release, 
of the follicular colloid ( 14 ) "NMule we shall not attempt to cv •’luate the-e 
theories, wc dobchev c that our findings, even though thev deal with nownal 
thvToid tissue, justifv the conclusion that an interference in orgamc bmdmg 
of iodine bv the gland is an integral part of the mechamsm b,. .vhich iodine 
brmgs about a remission m Graves’ chseose Accordmg to this concept. 
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inhibition of hoimoiu' sjnifhobis liy iodide h a geneial piopeity of 

thj’-ioid tissue icgaidlcss of its stale of actn ily 

SUMMAin 

1 Rats Avcie injected witli 10, 50, JOO, 200, ainl 500 7 of iodine in the 
foim of KI labeled nitli J'"" The ladio'u In it\ ^nied as a measure of 
the amounts of injeeted 1'-' that onteied the gland 

2 So long as plasma iodine remained 'd)o\e 20 lo 5") 7 per rent, or 
game binding of the injected iodide in the gland w as bhx kerl Organa hind 
mg of the newly accumulated iodine began to oriiir onl% wlicn 1 helo\cl 
of plasma lodmc fell below the cntaal langi* of 20 lo 55 p(i lent 

3 A homeostatic mcdianism is postulated in whah esfe-'ivel} high 
levels of plasma iodine inhibit foimation of the hoi mono m the th>ioid 
gland This mechanism helps to explain the lionehi inl iffiat produced in 
patients suffcimg fiom tlmotoxico^i's (Gi l^e^’ diseav(‘) when huge amounts 
of iodine ai e admnnstci cd 

4 While the 01 game binding of lodmc is blocked, the glind is still able 
to concentiatc iodine The icsults prc-'Cntcd lieic thus establish that 
the noimal thjaoid gland possesses a mcchani‘-m foi concentrating iodine 
that docs not depend upon its coinorsion to tin loxine and diiodotyrosmc 
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STUDIES ON PR0THE03IBIN PUEIFICATIOX, INACTI- 
VATION WITH THROIMBIN, AND ACTIVATION 
WITH THRO^^IBOPLASTIN AND CALCIUWD 
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{From the Deparlmenl of Physiology, Wayne University College of 
Medicine, Detroit) 
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Prothrombin, thrombin, fibrmogen, thromboplastm, Ac-globuhn,’ fi- 
hrmotysm, antifibrmolysm, antithrombin, antithromboplastm, antihemo- 
philia globulin, and heparin are all factors which are known to be a part 
of the blood clottmg mechamsm They function either to protude emer- 
gency hemostasis or to pre\ ent intrat ascular clottmg In the laboratory 
their actmties are recogmzed and measured, almost exclusit eh , either 
by the rate of fibnn formation or bj the rate of fibrm disappearance If 
such observations and measurements mv oh e only the action of one factor, 
reliable conclusions can be made with ease However, when two, three, 
or more vanables are simultaneouslj' involved in a single measurement, 
it IS hazardous to attempt an answer to many of the important questions 
which require elucidation Manj of the imcertamties and controversies 
m the hterature on this subject are due to the mterplaj of sev eral v anables 
Usually when one of the clottmg factors is obtained m punfied form, 
experimental vanables can be further ehminated, then a penod of rapid 
progress follows and new honzons are seen 

The punfication of prothrombin has presented manj formidable difh- 
culties, but it has been possible to report stcad 3 ' progress in an uninter- 
rupted effort (1-4) which still requires further work In the last report 
(4) material of high puntv’’ was obtained inconsistent!} Tlie vanabihtv 
m results could not be explained Furthermore, the products were un- 
stable in solution (5), thus defeating manv' of the objective^ of the work 
It is now known that the inconsistent results were due to the as=av proce- 
dure and not to the method of preparation Tlie activation of punfied 
prothrombin wnth thromboplastin and calcium ion-' can be accelerated bv 
the addition of Ac-globulm (G-S), which, in small amount^, increases not 
onlv the rate of activ ation but also the final thrombin v icld (7 S) Tlie 
removal of Ac-globulm dunng the punfication processes results in product^ 
which are onlv partiallv activated in the two stage analvtical procedure 

* Aided bj a grant from tl c Lnited States Public ITcaltb Service Pa'i c, Dav is 
and Companj supplied large quantities plasma and funds fo“ rt'^arcli 

• t factor which accelerates the activation prothromb n 

5C5 
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(9, 10) Tlic piotlnombni pioduUs ohlnmcd !)\ tins mofhod (I) arc, 
theiefoie, moie potent then the jcpoits jiulicnfe Ustudl} those picpira- 
tions with the lowest nppniont intuiU (ont'un the U vst innount of Ac 
globulin With the aid of a modified tuo sHge teehnifpie, in \\hicli 
adequate amounts of A(-gloi)ulm iie suiiplnd, the last reported method 
(4) has been studied e\tensnelv Tins mi'thod of piotlnombni piepira 
tioii appeals to be the most leliable of mmuMons modifn if ions \ihieh Mere 
attempted in a stiuh’’ nnohing the jnepaialion of moie thin 2()t) jiro 
thiombm jiioduets Impio\ cnients in the method, njioit'd heiem, luue 
been made foi the pin poses of obtaining stable [iiodin Is and for ioino\ing 
the last tiaees of Ai -globulin 'Phe modiln itions do not in\ol\e ehinim 
tioii of any fnithei 'unoiint of ineit mateiinl 

The picsent jiajiei also nu hides e\penments ulnih show that low eon 
eeutiatious of thiombm dostioe piotlnombni, and medium ( onri ntration'^ 
of thiombm ai 1 on piotlnombni in a dipliasn mannei , ^n■^t, the prothrombin 
becomes icfi acton to thiornboplastm ind it lafei leguiis the abiliti to 
foim thiombm High conccntiations of tlnombm appeir to liaie no 
effect on piofhiombm Expoiiments aie .ilso otiflmed whu ii demonstrate 
that thiomboplastm and ( alciuni ions ac ti\ate piotluombm m the < ompicte 
absence of A( -globulin 


Pwijicatton of Prolhromlnn 

Piothiombm Pioduct 2 is fust picpaied e\acth as de-^eiibcd (1) This 
entails, biiefly, acid piceipitation fiom diluted o\ dated hru me pi isnia, 
adsoiptioii on magnesium h^'dioxide, and elution with caibon dioxide 
undei piessuie It was dcmonstiatcd that tin- piudnct could be left 
OAmirnght at lOom tcmpeiatuie without mmicdiatc lo— of piutlnombin, 
but it now' appeals that, undoi these conditiom, small amounts of thrombin 
aie pioduced wdiich ultimate^ ufTccf the stabilit\ of the final pioduct 
The appeaiance of this thrombin is acoidcd In tooling piotlnombni 
Pioduct 2 immediately to 0° The cooled pioduct maj he n-ed at oucc 
01 may be stoied foi a peiiod up to 15 lioiiis Insoluble m igne-ium salts 
and fibimogen aie icmoyed by straining thiough washed guirc The 
claiified piothiombm eluate is then fiactionatcd with s ituiatccl ammonnmi 
sulfate solutions exactly as desciibed (4), this piocedmc climmalos almost 
all of the Ac-globuhn Tlie piecipitate obtained aftci satuiation to G5 
pel cent is dissolved in 10 cc of distilled wxatei and dialyzed against dis- 
tilled W'atei at pH 7 0 (pievious piocedmc, acidified watci) until the 
specific lesistance of the piothrombin solution is fiom 2000 to 3000 ohms 
w'hen measuied ,at 5° This can be aecomplislied m 1 to ll boms b} 
using the dialysis pioceduies desciibed (4) Followang the dialj ms peiiod 
the piotluombm is further purified by acid fiactionatiou at0° The pH 
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IS brought to 5 4 by adding 0 1 x hydrochlonc acid 'with constant stimng 
A small precipitate which appears is remo\ed bj' centrifugation Thi= 
precipitate contams the greater portion of the remaimng Ac-globuhn plus 
a small amount of prothrombm Prothrombm is then precipitated from 
the supernatant flmd by addmg acid until the pH reaches 4 6 It is re- 
moved by centrifugation and dissolved in 10 cc of distilled water bi 
cautiously addmg 0 1 n sodium h 3 'dro'ade to pH 7 0 to 7 5 Tlie prothrom- 
bin maj’’ then be obtamed m the dned form, "mthout loss of acti'vaH', b} 
drymg from the frozen state Tlie products are almost imanabh' free 
of thrombin and as a result are stable m solution for penods of 24 hours or 
more at room temperature 

Removal of Ac-Globuhn Activity from Purified Prothrombin 

The prothrombm products descnbed above contam less than 1 per cent 
of Ac-glohulm by weight - All attempts to remov e the remaining Ac- 
gjobulm by chemical means have failed In order to eliminate corapleteh 
the Ac-globulin actmtv', a method of heatmg has been emplov ed Tlus 
follows the approach of Owren (11) for the removal of Factor V from pro* 
tlirombin It was reported in detail before that Ac-globulm is less stable 
to heat than prothrombin (8) At 53°, tn neutral distilled water, pro- 
thrombin IS fairly stable Ac-globulm actmtj di-appcars precipitouslv 
under these conditions (8) In order to assure complete destruction of 
Ac-globulm actmtj m the above prothrombm preparation®, the latter 
are subjected to a temperature of 53° for a penod of 2 hours Rveept for 
an occasional loss m actmtv dunng the 2 hour heat treatment, the pro- 
thrombm does not appear to be damaged m anv w av After 30 imnutc.' 
of such treatment it is not possible to detect anv -Vc-globulm m the proilucts 
bj our method of analj sis (8) Bj this method, 1 2 X 10~' mg of punficfi 
Ac-globulm can be detected in 1 cc of test solution * Therefore, the po::- 
Eibilitv IS considered remote than any Vc-globulin remain® after the full 2 
hour heat treatment 

On one occasion some prothrombin v\a= dned from the frozea ‘-t ite 
prior to the 2 hour heat treatment The snow-white drv matenal wa- 
then dissolved in saline and heated at 53° for 2 hour- The Vc-globiilm 

The drv prothrombin products usuallv neigh about 75 mg and contain app'ovi 
match 300 units of \c globulin The best \c globulin p'oducts a craca SCO uait-^ 
permg of drj ncight (S) The latter were estimated to be 50 p^r c^nt pure Tnc'e 
fore, it follow® that an a\ crage prothrombm product contains 0 -t 5 of \c globulir 
or 0 G per cent Ac globulin In weight 

’ \n a®sav procedure has liecn developed In which 1 'SW' a u^it n'' Vc glob 
ulin in 1 cc of test solution can be detected Since oar beet \c g’nbulm p'odu'ts 
average 330 units per mg of drv weight (S), it follows tha 1J2 y lO"* "g o' t'^e 
preparation can be detected in 1 cc of test solution 
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was dcstioycd, as anticipalcd, bu(. an inir ted flrop in protliroinbm 
activiiy was noted Following ilial, it wa^- found lliat jnollnoinbm tnnnot 
be healed at that tcinpeiulinc ui 0 !) jui rent mlium chhruh ‘iolulion 
A compaiison of typical losnlls oblaincd on hi'ating inothiombin m dis- 
tilled xwatei and m Ofl poi (cnl sodnim (blonde l^ presented in Table I 
Heating at 53° is pos'.ihle in aepiefins sohiluins but not in «aline sohitions 

fiKicliVdlion ()/ P)olhrunil>in irith 'J'luoinhm 

Punliod prothiombin, ns piejiaied pieyioii'-h, was not entirelv free of 
thiombin and ivas not stable at loom lenipciattne (5) \Vhen dis^ohed 
in oxalatcd bovine plasma, it was slabiliml (5) '.riiis was thought to be 
due, in pait, to dostuiction of thrombin impnnts b> iilasma antithrombin 
It w^ns, howevei, impossible to determine to what c\tcnt the instabilitj 

Taiiii I 


Stahibiyof Prothrombin ni Distilled Water and inO 0 Per Cent \ nCl at p!I 7 2 andatSST’ 


Time 

rrothromljin cnntf-it 

Ristillcd vritcf 1 

0 0 p'r cent NaCl 

hrs 

untls ter ce 

unit fer ee 

0 

7200* 

' 7200* 

1 

7200 

' :,ioo 

3 

7000 

2300 

5 

0500* 

1-100* 

* No detectable tlirombin in solution 


could be attiibuted to thiombin, because prothrombin free of thrombin 
was not available In the following expenments it is shown that as little 
as 1 unit of thrombin associated wath 10,000 units of prothrombin is signifi- 
cant in causing piothiombiu instability 

In all expenments, the punficd piothrombm was dissohed in distilled 
watei The activity wms measured by the modified two stage technique 
which supplies Ac-globulm (8) The thiombin added to the jirothrombin 
was of high puiit}’’, compaiable to the matciial desenbed by Seegers and 
McGinty (12) This added thiombin actniL}’’ ivis a\\\a}b measured and 
subti acted from the total piothiombm and thiombin actnitj 

In the fiist expel iment (Fig 1) the prothrombin, fieo of thrombin, was 
dissolved m w^atei It wms stable foi 24 houis At 48 hour-, a sigmfacant 
deciease in activity had occuned, at which time a tiaco of thiombin was 
found to have appeared spontaneously m the solution Aftci 72 houis 1 
unit of thrombin pei cc of solution wms piesent, and the piothrombm 
concenti ation had deci eased to less than 25 pei cent of the oi igmal There- 
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after it continued to decrease and the thrombin concentration increased 
until the respectu e concentrations of prothrombm and thrombin became 
400 and 110 umts per cc on the 8th day 

In the second experiment (Fig 2), 13,000 umts of prothrombm were 
placed m solution with 10 units of thrombin Within 21 hours a sigmficant 
drop in prothrombm concentration uas found The actmt} continued to 
decline and at 19 hours onlj 1900 umts of prothrombm remained After 
72 hours the prothrombm had mcreased to 2700 units and the thrombin 
titer had mcreased to 165 umts 

In the third expenment (Fig 3) 13,000 umts of prothrombin r ere placed 
m solution wnth 1000 imits of thrombm In 10 minutes a sigmficant 
decrease m prothrombm actmty was found Only 3200 units remamed 



Pig 1 Stability of prothrombin, free of thrombin, at in natcr at pll 
Pig 2 Stabilitj of prothrombin at 2S° in water solution inth 10 units of thrombin 
per cc at pH 7 2 


at 2^ hours, but thereafter the activity began to increase, at G hours it was 
5500 umts, at 19 hours it Mas 9300 units, and thereafter it decreased 
slowlj to 5450 units m 72 hours At 19 hours there had occurred a 3-foId 
increase m the original thrombin added It increased further to 5S00 
units, whore it remained for the remainder of the expenment Tins 
expenment has been repeated manx time= llie amount of prothrombm 
regeneration and the extent of spontaneous thrombm production x'^rx 
proportionallx , xxathin limits, wath the onginal quantitx of thrombin 
added 

In the fourth expenment (Fig 4) bOOO units of prothrombin were pFced 
in solution xxath 500 units of thrombin No significant change in prothrom- 
bin or in thrombin actixitx xxas found for a 72 iiour pencKJ 




Unrts in thousands per cc. 
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Achvaii07i of Prolhomhin with ThromhopJa'',tin aiul Calcium Ions 

It IS of consideiablc thcoictical impoitanrc to dclcrminc ulictlicr pro- 
tliionibm can be activated m the complete aliscnco of Ac-plobulin The 
piothiombm piepaiation descnlicd al) 0 \e has been sliown to be free of this 
factor on the basis of heat inactivation (•iii\rs and tests vhich arc \cry 
sensitive to Ac-globulin Thromboplastin, free of Ar-globulin, was 
prepaied as follows by a modification of the ‘-cdiincntation pioccdiirc of 
Chargaff cf of (13) 400 cc of a ciudc saline extract of bovine Jung (10) 

weie centi fuged at 48,000 ni*M in a Shaiplcs mipcrcontrifuge for 30 
minutes The sediment uas suspended in 200 cc of saline and again 


I4r 


12l 


i 1 ! 1 

-13, 000 units Prothrombin 
1000 units Thrombin odded 


PROTHROMBIN 
TOTAL ACTIVITY MINUS 
THROMBIN ACTIVITY 



30 40 50 

Time in hours 
Fiq 3 


•o 

c 

tp 

in 

O 

o 

c 

B 

D 



Time in hours 
Fig 4 


Fio 3 Stability of prothrombin at 2S® in water solution ^Mth 1030 units of throm- 
bin per cc at pH 7 2 

Fig 4 Stability of prothrombin at 28^ in \\ater solution v\ith 5300 units of throm- 
bin per cc at pH 7 2 


sedimented by centi ifugation at 48,000 n p m for 40 minutes The 
sediment was then resuspended in saline to make a total volume of 10 cc 
Oui tests showed that this preparation was free of Ac-globuhn This 
thromboplastin prepaiation nas used to activate \arious prothrombin 
solutions at a temperature of 28° The prothrombin, having been heat- 
treated as desciibed and diied from aqueous solution, was dissolved m a 
stock solvent, so that when 1 part of the thromboplastin prepaiation ivas 
mixed ivith 1 pait of stock prothrombin, the resulting solution contained 
0 15 per cent calcium chloiide (appioximate'y optiAium), 0 9 per cent 
sodium chloiide, 5 per cent imidazole buffer by volume, and a thrombo- 
plastin concentration approximately 20 times that in crude lung extract 
The results are desciibed below and aie recorded in Table II 

Experiment 1 — 1 cc of stock prothrombm solution contammg 16,000 
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Table II 


Formation of Thrombin from Prothrombin, Thromboplastin, and Calcium Ions at £S° 


Experiment 

ho 


Time 

Pro- 

thrombin* 

Thrombin 

Thrombin 




UtTtfS 

fer cc 

vnils ptr cc 

t-tr cent 
yield 

1 

Stock thrombo- 

0 


0 



plastin 

19 mm 


520 

C 5 



32 “ 


S90 

11 1 



1 hr , 10 min 


1550 

19 4 



3 hrs , 15 “ 


3500 

44 0 



6 “ 


3S00 

47 5 



27 “ 


2900 

36 0 

2 

Stock thrombo- 

0 


0 



plastin, healed 

14 mm 


265 

3 3 



27 “ 


750 

9 4 



1 hr 


13S0 

17 2 



3 hrs 


3000 

3S 0 



6 “ 


3800 

47 5 



27 “ 


2900 

36 3 

3 

Stock thrombo- 

0 

5 

0 



plastin 

23 mm 


Questionable 




45 “ 

1 

1 

Trace 




1 hr , 15 mm 


0 5 

10 0 



3 hrs 


1 9 

3S 0 



6 “ 

Trace 

2 1 

42 0 

i 


27 “ 


2 4 

48 0 

4 

Stock thrombo- 

0 

5 

0 



plastin diluted 

45 min 


Questionable 



1600 times 

3 hrs 


cr 




G “ 


II 




27 " 

1 

Trace 


5 

Stock thrombo- 

0 





plastin 

20 mm 


7 

2 3 



30 “ 


22 

7 3 



1 hr , 10 mm 


59 

19 5 



3 hrs 

90 


33 3 



5J “ 


105 

35 0 



22 ** 

115 

105 

35 0 

6 

Stock thrombo- 

0 

300 




plastin diluted 

20 mm 


2 

0 67 


25 limes 

35 “ 


s 

2 7 



1 hr , 10 mm 


30 

10 0 



3 hrs 

135 

55 

1 IS 3 



5} “ 


51 

17 0 



22 “ 

130 

70 

< 23 3 


* The prolhrombin concentration nas measured with Ac plobulm supplied in the 

two stage a^saj procedure Lnder these circumstances tlic p’-eformed throTbin w v 
subtracted from the total thrombin jield to gue the prothrombin conccnt'ation 
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units per cc was mixed ^\ith 1 cc of tlirombofilaslm solulioii, giMiig an 
initial piothiombin conccntiation of 8000 unils jicr (c Tlirombni A\as 
produced slowly At the end of 3 hoiiis and 1 niinutes a Ihrombm yield 
of 3500 units pei cc ^\ns found A pioUiiombni com ontration of 1700 
units pel cc , obtained by analy/mg m ihe piescnco of an excess of Ac- 
globulm, indicated that 2800 units pci ec liad been do^lrojcd At G 
horns the tliiombni 3ueld leaclicd its higliest \aluc of 3800 unifs per cc 
(47 5 pel cent 3ucld), this dccicascd shglith in 27 liour-, nlien there re- 
mained only GOO units of iiiothioinbin per cc of solution 

Expoimcnl 2 — Tins cxpeiimcnt duplicated Exiieiimeiit 1 except that 
the thromboplastin 'was fust heated at 53° for P hours As compared 
mth Expel iment 1, tlieic was no significant change in rate and amount of 
thrombin foimed oi in the amount of prothrombin rlcstnirtion Since 
Ac-globuhn cannot exist at a tenipeiatmc of 53°, tins cxpeiimcnt is a 
further indication that the thiomboplastin jneparation was ficc of this 
factor 

Expenmeni 3 — In order to dctciminc the cffcit of concentrated throm- 
boplastin on dilute piothiombin solutions, Experiment 1 was again re- 
peated but this tune the iiiitnl piothiombin concentration was adjusted 
to 5 units per cc of solution Tliiombm production was quite slow A 
trace was detected m 45 minutes This mci cased to a 10 per cent 3icld 
m 1 hour and 15 minutes, and a IS per cent 3 icld dc\ eloped during a 27 
hour period Only a tiace of piothiombin icmaincd at tlic G and the 27 
hour mteivals 

Expenmeni 4 — Tins expeiimcnt is picbcntcd to demonstrate the interac- 
tion of the two proteins in dilute solutions TJie prothrombin and throm- 
boplastin w^ere mixed m the same proportions as m Expeiimcnt 1, but in 
1/1600 of the concentration There was no thrombin production for G 
hours and at 27 hours only a trace was found Onh a part of the pro- 
thrombin could be accounted for at that time Tins experiment is ap- 
parently comparable to the ones desciibcd by Owren (11), from which he 
concluded that thiomboplastin and calcium 10ns cannot activate pro- 
thrombin 

Expenmenls 5 and 6 — In these two expeiimeuts a prothrombin level 
was selected which is comparable to that m human jilasma In Experi- 
ment 5 concentiated tluomboplastin wxas added Thrombin wxas produced 
sloAvly, 1 caching a maximum 35 per cent 3ueld ui 5} hours In Experi- 
ment 6 the thromboplastin w^as diluted 25 times, so that the ratio of pro- 
thrombin and thiomboplastin w'as again approximately the same as in 
Experiment 1 Thrombin production was somew'hat slower than in 
Experiment 5 and the maximum yield (23 pei cent) was somewdiat less 
In both expenments comparatixely large amounts of prothrombin re- 
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mained at the end of 22 hours However, as in the other experiments 
there was some destruction of the unconverted prothrombm 

DISCUSSION 

Seegers, Loonus, and Vandenbelt (4) reported their most acti\e pro- 
thrombm preparation to ha%e 15,200 umts per mg of tjTosme lillth 
prothrombm prepared accordmg to their specifications, the amount of 
Ac-globulin m the preparations was insufficient to g^^ e maximum thrombin 
yields m the tvo stage piothrombm anal 3 *sis Such preparations, giwng 
punty values from 13,000 to 14,000 umts per mg of tjnosine, vere con- 
siderably more active vhen analj'^zed after suppljnng an excess of Ac-glob- 
ulin The specific activity values can be fixed somewhere betiveen 20,000 
and 25,000 umts per mg of tjTosme, but the exact actmty must await 
further study Work now' m progress is mtended to estabhffi an absolute 
prothrombm umt on a sound basis This work deal« with stabihtj of 
dry prothrombm, reference standards, optimum conditions of actuation, 
seasonal vanation in plasma prothrombin concentrations, etc 

Mertz, Seegers, and Smith (14) were the first to present endence which 
suggested that thrombm destroys prothrombin actmtx OwTen (11) 
could obtain only shght e\idence for the destruction of prothrombin ba 
thrombm, and Ferguson (15) discounted an} such possibilitj Expcn- 
ments reported bj' these investigators are pot necessanh in conflict even 
though they are inadequate The data recorded above show that much 
depends upon the relative quantities of thrombin and prothrombin in 
solution Furthermore, the situation is complicated bv prothrombin 
regeneration which is sometimes accompanied bj spontaneous formation 
of thrombm in significant amounts WTien 1000 unit‘' of thrombin, or 
less, are added to prothrombin of the strength used above, a fall in pro- 
thrombm titer occurs, which is followed bv prothrombin regeneration 
Spontaneous thrombm production appears to parallel prothrombin re- 
generation both m amount and in time of appearance Therefore it is 
probable that the regenerated prothrombin form« thrombin wnth greater 
ease than purified prothrombm under the conditions of these expcnmi nt= 
MTien 5500 units of thrombin are added, there is no great change in either 
prothrombin or thrombm concentrations Vppareiith the prothrombm 
IS dcstroved ind regenerated rapidlv , spontaneous thrombin production 
docs not take place to anv extent because the re''ction i- m equihlinum 
The generation of 5000 units of thrombin (Fig 3), m the ijip ireiit ab-eiuc 
of throniboplastm, Ac-globulm, and calcium ion=, is a noveltv to thi' 
field of rc'oarch It is not possible to sav dcfinitclv that none of t!m-i 
three factors were prC'Ont Thromboplastin was fcrtamlv not pro-' at m 
appreciable quantities \c-globuhn wis absent from tin [irothromlmi 
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and could have been pichont lu tlic tliiojnhui piopniation oiiI\ in tiaccs 
if at all Piothiorabin and tlnombin piopiuations verc both dmljzcd 
against dcmniciahzcd watci to a bpecific losisl'incc of approMinatolj 3000 
ohms Thcicfoic, the calcium conceMtiation was nrccss'iiilj extiomclj 
low It seems piob.iblc that the coned (omhtions h'uc been found for 
the production of tlnombin nithout Ac-globulin, without calcium, and 
without thiomboplastm 

The expeiiments icpoited aboio show that tlnombin is piodiiced from 
piothiombni, thiomboplastm, and calcium ions m the complete absence 
of Ac-globuhn Ouien iccoids e\peiimonfs fioin vhich he concluded 
that tlnombin pioduction is not jiossiblc fiom the inteiaclion of prothrom- 
bin, thromboplastin, and calcium ions alone (11) Ills cx^iciiments vcrc 
earned out onl}' at ^er3 Ion piothiomhin ( oiu cn1i.it ions foi rclatuel} 
short peiiods of time It is not jiosbiblc to (ictoiminc fiom hib data what 
concentiations of thiomboplastm woie ii'-cfl If Owicn, in addition to 
lo^Y prothiombin concentiations, u^od wcah thiomboplaslm picparntions, 
it becomes clcai fiom oui woiK wlij he aimed at his (oiuliisions 

The question ma}' be asked win onl}' a IS pei cent a icld of thrombin is 
obtained when tin omboplastin alone i^- u^cd as the actn itoi The chief 
leason appeals to be that the le iction is so slow th.it side re u tions produce 
an effect One of these, the inactnation of piothiornbiii In tlnombin, 
IS desciibed m this papei E\cii in the piescnce of \.c -globulin, a inaM- 
mum thiombui ^ucld is not olitamcd unles-, an oplimnm amount of the 
accoleiatoi is piesent (7, S) Deci eased tlnombin i lelds appaicnth icsult 
when any factoi slows the late of mtci.ictiun of piothiombin and thrombo- 
plastin This ivas pointed out m 1911 (IG) from studies which incohccl 
the effects of alteiations m pll, calcium, clcctroljte conccntiation, etc, 
on prothrombin activation 

On the basis of evpeiiments which indicated tint Ac-globulm c.ataljres 
the reaction betw^een piothiombin, tliiombopl.istin, and calcium ions, it 
wms decided to call tins factoi an accclciatoi (7) Since if was also found 
to be a globulin, the name acceleiatoi globulin oi Ac-globulin was pioposcd 
(7) The data repoited heie dcmonstiale that tlnombin is produced in 
the absence of Ac-globulm The lattci '-pecds up the icaction (G-S) 
Therefore it is rightly designated as an acccleiator and cannot be considered 
as a component of piothrombm 

An extensive study of previously lepoited methods foi the preparation 
of piothrombm has been made Modifications aie introduced which 
consistently give highly active preparations, stable in solution foi more 
than 24 houis at loom temperature The pioducts contain appioximately 
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0 6 per cent Ac-globulin b}" weight Efforts to remo'v e this last quantity 
of Ac-globulm inth fractionation procedures haie repeatedh failed 
Howeier, the prothrombin is freed entirelj of this actmt% b\ heating 
at 53° in aqueous solution Heating in saline solution results in losses of 
both prothrombin and Ac-globulm 

Extremely small amounts of thrombin destroy prothrombm Larger 
amounts of thrombm produce a diphasic effect upon prothrombm, there 
IS first a destruction, followed bj a regeneration of prothrombin actmty 
The regenerated prothrombin appears to be changed m such a uaj' that 
it may form thrombm m the absence of thromboplastin, Ac-globulm, and 
calcium ions 

Thromboplastin and calcium ions actuate prothrombm m the absence 
of Ac-globulm, but the reaction is slow and the final jneld of thrombm is 
only about half of that produced in the presence of an optimum amount 
of Ac-globulm 
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Apparent dissociation exponents for quinine and pamaquine (plasmo- 
chin) have been determined potentiometncally by Christophers (2) and 
by Christophers and Fulton (3) Recentlj' Elderfield, Craig, cl al (4) 
ha\e demonstrated by application of Craig’s counter-current distnbution 
techmque (5, 6) that vanous commercial samples of pamaqmne are m- 
homogeneous and eontam isomers of pamaqmne to the extent of 12 to 30 
per cent of the total matenal 

With a sample of pure pamaqmne (6-methoxj'-S-(4'-diethjlamino-l'- 
meth\lbut 3 laimno)-quinohne), obtamed tlirough the courtesj of Dr Craig, 
we have determined the apparent dissociation exponents of this compound 
In potentiometnc and spectrophotometnc methods Also, a luthorto 
undoscnbed reversible proton exchange in\ol\Tng pamaquine m rather 
concentrated aqueous solutions of sulfunc and hj drochlonc acids has been 
studied bj spectrophotometrj This proton exchange of pamaquine and 
a similar one for the structural isomer of pama‘’imne, SN-3294,’ haae been 
eaaluatcd in terms of the extended pH scale of Michaehs In addition, 
the exponents for quinine and an Ainlcj-King carbinol (7), SN-2157,* Ime 
been eaaluated bj potentiometnc and spectrophotometnc methods 

Formiilalion of Equihbua — potentiometnc titration of aqueous solu- 
tions of quinine, pamaquine, and SN-2157 two vadeh separated dissociation 
exqioiients, pK'i and pK'-, can be evaluated for each compound In anew 
of the considerable diflerencc in magmtude of pK' and pK'i for each o'' 

• Prelimmjra pbises of the work reported in this paper uo’-e done on a aoluatcc- 
basis m cooperation i\ith a project conducted in this Dcpart'ii''nt under a cont'ac* 
bctuccn the Office of Scientific Research and Dca clop'n'>nt and Th'' Johns Ilopf 
Lniacr-ita Completion of this work vas m-de possible lhrou:;h a grant from the 
Penrose Fund of the \mcrican Philosophical '^cieta t prclimina— repo-t o' thi' 
uork has liecn published (1) 

’ Numliers preceded b\ the Ictto-s SN are the coJ" numb''-5 a'-icr~l b *h" O^sr. 
of the Suraca of tntimalaml Drugs Da‘a concerning thes" and r-ana o‘r com 
pounds hnac been published (S) SN-32n5 is C methov -4 (t'-d c‘''alan'i'o ’ ' me i-a 1 

butalamino)-quinoline SN 2157 is 4 (G methoxa quinolal)-a piperidalca'b no! 

5TT 
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these compounds, it enn lie ruiMimed Di.'it llie<;e exponents nre prnetiralli 
identical with ^tUnnsic gioup cxjioiu nts as defiru d bx Adams (0), ? c , earli 
of these exponents icfcis to the piolon exchange nnohing a single, par- 
ticular pioton accept 01 in the molenile An fxjionent,- pK',, cm be 
cx'^aluated spectiophotometiualh (Figs 1 and 2) foi each of those (om- 
pounds by a pioeeduie similai to the one deseiibcd in a stiuh of x.inoiii 
4'aminoquiiiohnes (10) This exponent is eonoeined with a proton ex- 
change involving an acceptoi associated with the aromatif nucleus The 
value of pK'* w^as found to be piacticalh identictl with the \ahie of pK'j 



Fig 1 Spectropliotomctnc absorption curves for (luimnc m diluto uitiooiis solu 
tions Identical curves were obtained for S\ 2157 at thi se values of pll 

m each case, therefoie both pK', and pKh nuct lefcr to the same acceptor 
in the aromatic nucleus Tlus acceptor piobablj’’ is the nitrogen atom of 
the qumohne ring The equihliiium exahmted bx pK'i and pK', can be 
represented as folloxx's 


H+ + B B'Ii+ 

m xvhich B represents a pioton acceptor associated xxith the aromatic 
nucleus and B' represents the pioton acceptoi of the aliphatic side chain 
At constant ionic strength, 

2pK'. = pH -log [B-B'H+]/[+IIB B'H+] = pH - log [(tniv - f)/U - «n)l, mvvbich 
B represents a proton acceptor associated with the aromatic nucleus and B' cor- 
responds to the proton acceptor of the aliphatic side chain tmi* and <i) aic, respec- 
tively, the molecular absorption coefficients of the proton donor and proton acceptor 
species of the aromatic nucleus t is the molecular absorption coefficient at a pH 
value at which both species are present 
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pK'. = pK'. = pH - log (1) 

m V, hich brackets are used to designate concentrations 
Inasmuch as pK'i refers to a proton exchange m%ohmg an acceptor 
associated with the aromatic nucleus, pK'j, which cannot be eialuatcd 
spcctrophotometncally in the spectral range studied, must be concerned 



Fig 2 Fig 3 

Figs 2 and 3 Spectropholometnc absorption curves for pamaquine m dilute 
aqueous solutions (Tig 2) and in aqueous solutions of sulfunc acid (Fig 3) 


mth a proton exchange ohang an acceptor in the aliphatic side chain 
This acceptor is the quinuchdinc nitrogen of quinine, the pipcndj I nitrogen 
of SN-21 57, and the dieth} lamino nitrogen of pamaquine The equilibrium 
can be represented as follows 

13 B’ll^ -r 13 13 

At constant ionic strength, pK'i is defined b> equation (2) 


pK'j 


pH - log 


in B') 

(15 i3’n‘i 


( 2 ^ 


In ‘>queous solutions of sulfunc icid from 0 2 to 7 ji, another rcaernbJt 
transformation of pamaquine is obseixed spcctrophotomctncalK (Fig 3) 
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It seems highly piobable that this tiansformation is ( ontemed y ilh another 
pioton exchange involving the niomatic mu lens, flic sfcoiulan ammo 
mtiogen at position 8 piobabh being the pioton acriptoi In Fig 8 the 
absorption cuive foi pamacjuine in 0 2 m snlfune mid m asinbrd to the 
monopolai cationic species of the nronialic micleim/ the proton jirobabl} 
being attached to the inig nitrogen The (ur\e in (> v sulfuric acid is 
asciibed to the dipolai cal ionic species of Ihe aiomatu mu lens, 1 proton 
being attached to the nng niliogcai and the otlu i to the 8 amino iiitiogcn 
The tiansfoimntion IS piaetu alh eoniplcdc in (> m siilfiiiu aeid and ii cn 
tiicly complete in 7 M The' c iii \ e foi p'lni iriuiiu' in 2 v '-iilfiiric atid h 
asciibed to an inteimcdiate ('(pnhhnum state in yhuh both sjxdf-, are 
piescnt The tinnsfoimulion can he ie\<'is(d sunph In di t re ismg the 
concciiti ation of sulfuiic acid In dilution of the solution with vatc r Tlih 
second pioton exchange nuohmg the aronnlii muhiis of paniaqiiiiie is 
compaiablc to that of the l-nmmociuinohnes dc-fnlied previous]} (10) 
Tins pioton exchange iiuohing panvuiinne iFo ounis ni i oncf'ntrnted 
aqueous solutions of hvdiochlonc .leid 

It was dcsiiable to evaluate this second proton cncli'inue ot {i.imaquine 
m teims of an extended pll scale A gcaieiah/cd h isi-, for the extension 
and altcinativc foimulalion of a scale forjnoton exc hangcs has been pre- 
sented by Claik (11), and two (‘xpciuntntal extensions of the sc do have 
been desciibcd (12-lS) Hammett of al (12-J71 have dc'fincd an “acichtj 
function,” Ho, and have evaluated a sc de lot this tunc tion m concentrated 
aqueous solutions of sulfuiic acid b} color compinson ind speetiopho- 
tometiy with a senes of mchcaioit. of the same chaigc tv pe and of graded 
and oveilapping dcgiccs of proton-accepting slienglh The acidity func- 
tion is defined by equations (3) and (4) 

Ha - piv log (3) 

Ho = -log (11+) ~ (4) 

fim* 

m which pK is the tine dissociation exqioiicnt ot an mclicatoi which caters 
into the proton equihbnum, BII+ ;=; B -}- II^ In equation (1) paicnthescs 
represent actmty and /b and /bi,^- nic activity c octhcients The acidit} 
function scale is based upon the fundamental assumption that the latio 
/b /Bn+ iri a given solution is the same foi all pioton accept oi -donors of 
the same charge t3^pe Hall and Spengoman (19) have iccalculatcd the 

’ The molecule as a i\hole is a dipolai tition in 0 2 m sulfuiit ncicl and a tnpolnr 
cation in 7 m, inasmuch as a proton is attached to the nitrogen of the aliphatic side 
chain throughout_this lange 
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data of Hammett et al and have found that m aqueous solutions of sulfunc 
acid from 1 to 18 m Ho is a Imear function of the molanty of sulfunc acid, 
with a slope of approximately 0 5 

IMichaelis and Gramck (18) have desenbed an extension of the pH scale 
vhich is based upon the relationship between pH and the differences be- 
tween the normal potentials of the two steps m the oxidation-reduction of 
vanous thiazmes and the extrapolation of this relationship to data ob- 
tamed vith these mdicators m concentrated aqueous solutions of sulfunc 
acid The procedure reqmred onentation of the extrapolation by spectro- 
photometne determinations of the mid-pomts of two of the proton ex- 
changes m%ol\ed The \alues of pH thus determined were found to be a 
linear function of the molant} of the sulfunc acid, aboi e 1 m, mth a slope 
of 0 57 

The proton exchanges involving pamaqume and SN-3294 m aqueous 
solutions of sulfunc acid can be represented bj* equation (5) 

B B'H-*- ^ (5) 

m which B refers to the aromatic nucleus with two proton acceptors (nng 
nitrogen and secondaiy' ammo nitrogen) and B' represents the proton 
acceptor of the side cham The dissociation exponent is defined bj equa- 
tion (6) 

[+HB'B'H+1 

pK(H:so,) = pH (or H,) - log pIg-gIgTgr] (6) 

It should be noted that the Ho scale of Hammett and De^Tup (12 J wua 
e\ aluated bj means of a senes of mdicators of simpler charge t\ pe than 
that represented in equation (5) The importance of this difTcrcnce in 
charge tape wall be emphasized later 

EXPERIMEXTA.L 

Values of pK'i, pK'i, and pK', were determined essentialh is de,=cnbed 
m the preceding paper on 4-aminoquinolincs (10) For the determination 
of pKcnjco,) for pamaquine and SX-3294 (equation (G)j, optical cicii'’tic= 
of a senes of solutions of the compound in a anous concentration^ of H-^0< 
were determined aaath a Beckman photoelectnc quartz spectrophotometer, 
model DU, wath 1 cm fused silica cuaettes The nominal =pcctral intf ra '’1 
isolated ca aluated from data for dispersion and slit ividtlis fumidied emth 
the Beckman instrument, was maintained at 2 mix Sulfunc u id solution- 
of concentrations identical wath the corresponding pnncipal to'ut’oa<- a.em 
used as blanks Absoption data were calcukted as mo’ecuDr 'bsoption 
coefficients, c, wluch arc defined ba the equation, —log T — D = id, m 
which T IS the transmittanca expressed as a fraction of unita, D is the 
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optical clctibity, c is llic conccnliation of the (oinpoiinrl in moI( > pci Iilir, 
and I IS the Icn^ftli, in cm , of the li}!;lil path thioiif!;h tiu solution J'lif 
conccntiations of bulfuiic and m (he ‘-('lies of solutions neie df teimiiud In 
titiation witli btandaid 1 m sodium lndioMde,and (lie ( oik enti'itions ncic 
checked m some cases by moasinemint of densi|\ foi ( oniparison with data 
m the “Intel national iiitical tables ” Pipettes use d foi measiii inp; samples 
of the VISCOUS solutions of sulfuiic mid neie spei lalh ('dibiated “to lon- 
tain” and ncre linked mill distilled watia to insure (om[)le(e and adiir.ite 



Figs 4 and 6 Test of the rclalionslnp, pH = ))K(n so,) d- lo;: la/(I - all, for 
pamaquine (Fig 4) and SN-320t (Fig 1) pH is (he ( \temied snvle of Mirlinelis 
calculated from the molar conccntrnlions of sulfunr ucid 'I’hr (Ik orcta d cun i s arc 
drawn for the following \ slues of pK(ii so.) for ])-imn(iuine, -1 H, for 12!)t, 
/ S3 In the case of pamaquine, the sjnibols represent the a\er'’g(' evyierimtiital 
values of « calculated from optical densities measured at \\a\e lengths 120, 3C0, 3o0, 
310, 280, and 270 m/. (Fig 3) In the case of SNi-32'H, Q represents (Ik experimental 
values of « calculated from optical densities at 375 ni/., and o the \ dues calculated 
from densities at 351 m/i (sec the absorption eiirxes in (he jireMous jiajier (10)) 

transfer Values of pll oi Ho ncrc calculated fioni the molai concentra- 
tions of sulfinic acid by means of the scale of Miclnehs (IS) or the scale 
of Hammett (12) as iccalculatcd by Hall and Spengemau (19) Foi c\ ahia- 
tion of pK(n 2 so<)) the data foi pH and the coi responding absorption co- 
efficients at some selected wax e-length weic icctificd bv the gcucial method 
of Reed and Beikson (20) nath the adaptation of Clark cl al (21), applied 
essentially as desciibed pieyiously (10) for the calculation of pK'. Coi- 
rections for “medium effects,” as defined by Flexsci, Hammett, and Ding- 
wall (16), xvere made esscntiallj'' as desciibed by these aiithois In Figs 
4 and 5, data foi these compounds aie presented in terms of the extended 
pH scale of !Michaclis and of a, the degree of dissociation of the proton 
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donor, into and calculatod from the ab- 

sorption coefBcients The cur\'e3 are drawn to the theoretical relationship, 
pH = pK(H B04) + log [a/(l - a)] 

In preparing concentrated aqueous solutions of hjdrochlonc acid for 
study of the second proton exchange iniohmg the aromatic nucleus of 
pamaqmne m this soh ent, it v as found to be essential to use freshlj opened 
bottles of c p concentrated HCl Partially empty bottles which had been 
exposed to air and sunhght apparently contamed traces of free chlorme 
which chlormated (or oxidized) pamaqume vath accompanjang changes in 
spectrophotometnc absorption which were irrexersible bj' dilution with 
water 


Table I 

Dissoaatton Exponents (30“) of Various Derivatives of Quinoline 


Compound* 

lomc Strength OJ 

pK'. 1 pK', [ pK's 

SOi) 

(scale of ilichachs) 

Quimne 

4 33 

4 32 

8 4 


SN-2157 

4 34 

4 36 

9 3 


Pamaquine 

3 49 

3 48 

10 2 

-1 33t 

SN-3294 

8 73 

8 68 

10 2 

-7 S3{ 


• SN-2157 13 4-(6 methoxjquinoljl)-<i pipcnd 3 lcarbinol, and SN’-3224 is 6 moth 
oxj-4-(4' dieth>lamino l'-methjlbutjIamjno)-quiDohD? 

t Mid-point, 2 86 m sulfunc acid or 3 89 m h\drochlonc acid 
t ^Iid-point, 14 26 m sulfunc acid 

DISCUSSION 

Apparent dissociation exponents (lomc strength 0 1 , 30°) for the proton 
exchanges occunang m dilute aqueous solutions are compiled in Table I 
Our c alucs for pKT and pK'; for quimne are in fair agreement wath those 
obtained potentiometncally by Chnstophers (2) and by KolthofT (22), 
although the conditions of the measurements were not exacth’ comparable * 
Chnstophers reported a -value of 4 21 for pK'i and S 30 for pK'- at 20° 
Tlie ionic strength w as not specified cxplicith , and apparenlh it w as not 
kept constant throughout the titration^, but, on the basis of the concentra- 
tions of the solutions titrated, the ionic strength at the mid-points was 0 02 
in evaluating pKT and 0 002 in evaluating pK'; Kolthnfl’s value- for 
pK'i and pK'; of quinine were 4 50 and S23, re^pcctivclv , at 15° Our 
value for pK'„ the spectrophotomctncallv determined dissociation cx- 

* 5 alucs reported b\ tbc-e invcstigato'-s we'c c'cprcs'f'd in tc— la of “ba» c di' 
sociation exponents The \ dues quoted above have i>^a recalculated la te—as of 
proton di'cociation exponents as defined in the present pape- 
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ponent foi the proton exchange cojHoined with tlu* nioinaiie nucleus of 
qumme, is piactically iclcntie.il (he eone-,j>on(ling \ ihie of pK'i deter- 
mincd potcntiomctiicMlIy (Table 1) The ])iolon lu ( ei)t()i in\ohtd in the 
equihbnum evaluated pK', (= pKh) undoubterih is the niliogen atom 
of the quinoline iing The pioton aeieptoi in (|iiinine uhidi is foncerned 
m the pioton exchange e\alua(cd poleidioineliic'illy aspK'; is the qinniicli 
dine niti ogen a( oin 

The yaliics of pK'i and pK', foi SN-2!r)7 ('rubli 1) ngiei ( lo-elv with (lie 
ooiicsponding exponents foi <iuinine, and igiiii the jnoton acceptor con- 
cerned IS the quinoline iiiig nitiogcni Spi c liopliotoinelric absorption 
cuivcs foi the pioton donoi and pioton aeceiitoi spec ic of ((iiinine (Fig 1) 
and SN-2157 aie idcaitical in thc‘ spectial range studied The piperichl 
nitiogen of SN-21')7 is a strongei proton accc'ptoi than tiie (luinuclidinc 
nitiogcn of quinine (pK'^, 0 1 and 8 I, resjiedneh) A di-soriation ex- 
ponent of 10 OS has been lejioited foi 2-niidh\ Ipipc i idiiie (28) con- 
tiast, the value of pK'; foi SN-21')7 icdlects the (lection-attracting efTects 
of the caibinol gioup and the quinoline iing 

The values icpoitcd In Clnistoplieis mcl b niton' (-5) foi (lu apparent 
dissociation exponents of pamaquine neio ,8 aa foi pK'i md 10 18 for pKj 
at 20°, and the ionic sticngthal the inid-pomts aiqiarc nth u as about 0 000 
m evaluating pK'i and 0 0002 in deteiinining jilv'; f)m potentiomctnc 
values (Table I) aie in loasonable agi cement with tlune of Chri-tophcrs 
and Fulton, and ag.un the exponent detoinuned spi ( (io|ihotomelnc ilh 
pK'„ IS piactic<illy identical with pKb I’he jnoton excli inge e\aluatccl 
by pK'j involves the diethylammo mtiogen of the* side c ham ol p unaqiiine 
as acceptoi In the case of pamaquine, (he jiioton acceptor coi ic sponding 
to pK's (= pK'i) IS somewhat unceitain, inasmuch ns both the' nitrogen of 
the quinoline iing and the S-ammo nitiogen .uc- i)Os>il)l(> accc-ptors Tlio 
acceptor piincipalh imolvcd should be the oiu' po-stsMiig (he greatest 
lelative pioton-acccpting sticngth Vn a])pio\imate osdm ile of tlie rela- 
tive mtimsic sticngths of these acceptors can be oi)tained In comparing 
data foi quinoline and foi an N-alKylanilmc The dissociation exponents 
foi quinoline and foi N-n-pi opylanilmc aic 101 and 5 02, lospcctnoh 
(24, 23) Mutual weakening of the sticngtlis of these aeccptois might be 
expected thiongh inductive action Resonance ctlects in the entne pioton 
acceptoi molecule w'hich might tend to stiengthen pioton acceptance prob- 
ably would be less impoitant than the mutual mdiu tn e etTccL (opeiatiiig in 
the opposite dncction), but any losonanco oflect of this ti pc pi ob ibh w ould 
tend to “stiengthen” the img nitiogen moie than the S-immo nitiogen 
Both of these acceptois would be weakened bj the elcctiostatic and in- 
ductive effects of the diethylammo gioup of the side chain wduch w'ould boar 
the positive charge of an attached pioton m the langc of pll m which the 
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proton exchanges invohing the aromatic nucleus are e\ aluated Hoi\ ei er, 
this latter effect should i\eaken the 8-ammo nitrogen more than the nng 
mtrogen, inasmuch as the former is closer than the latter to the dietln 1- 
ammo group Furthermore, the methox\ group, the effect of which is 
pnncipall} inductne when meta-substituted, would be expected to ha\e a 
greater weakening effect on the proton-accepting strength of the S-amino 
mtrogen than of the nng mti ogen Thu«, the nng nitrogen u ould be antic- 
ipated to be the stionger proton acceptor Xei ertlieless, there iiould ap- 
pear to be a statistical probability that both acceptors Mould be in\ oh cd to 
come extent m the range of pH m which pK', nac c\ aluated Honeier, 
isosbestic points^ Mere raaintamed throughout the range of pH in Mhich the 
change m spectrophotometne abcorption occurred (Fig 3) Mainten nice 
of such isosbestic pomts generally is icccpted as endcnce that only tMo 
absorbing species are inaohed in the change For this reason and the 
fact that a simple one proton relationship was followed, webeheie that the 
proton exchange for nhich pK', (= pK'i) is a measure iniohes the nng 
mtrogen of pamaquine almost exclusn eh Tins conclusion is in disagree- 
ment Mnth that of Chnstophers and Fulton (3) mIio decided Mathout stating 
their reasons, that the 8 ammo group was mi oh cd 
If the proton exchange e\ aluated bv pK', (= pK'i) miohea the nng 
nitrogen of pamaquine, then the proton exchange ei aluated from 0 2 to 
7 M sulfunc acid (Figs 3 and 4) or from 0 4 to 8 m hydrochlonc acid must 
ini olve the 8-amino group as acceptor Tlie dissociation ex-ponent on the 
expended scale of Jliehaclis is —1 33 for aqueous solutions of culOme and 
(Fig 4 and Table I) The mid-point of the change m aqueous solutions of 
hydrochlonc acid is 3 89 m Tlie spectrophotometne absorption cun e- 
for pamaquine at the extremes of the transformation in HCl arc identic il 
Math corresponding eunes m HjSOi In summary, although the tnfrn^ir 
strengths of the quinoline nng nitrogen and the secondary S-aniino group 
arc approximately the same, the latter group 1 = Mcakcncd rclatne to Ihr 
former by' dicthylamino and raethoxM groups and the difference is further 
accentuated after the nng mtrogen has accepted a proton be reason of thn 
electrostatic and inductne effects of this po-itne charge 
Data for the i-aminoquinohne deneatne, SX-3294, art incluchd in 
Table I for contrast Mith corresponding data for its stnietural i-o'ner 
pamaquine Data for &X-3291 More reported prcMoush (10), hut no 
attempt Mas made there to cealuatc the proton exchange m conccntri‘'ci 
solutions of sulfunc acid m temi^ of the extended pH scale of Mieh ifln - 
reported in the present paper (Fm 5) Tlie ni'rkcd -tn ngthcning o'' tin 
acceptance of the fir-t proton by the aromatic nucleus of SX-3291 and the 


1 TIic sipnifcancf of lh'» i^osbc'^'ic jm) nt is di'cu. 'hI In ClsrJ cflll p,) 
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gieat weakening of the nceeplanfeof (heserond piolon, as (ontraslcd with 
coiiebponding pioton exchanges of panri(|nnie, cm he utlidnilcd to tlio 
powciful icsonnncc of the monopolm ( at ion of tlie 'uonmtic nucleus of 
SN-3294 The lesonanee Jivlnid of this spi'ci". prol)'d)l\ iceuis con- 
tiibutions botli fiom Kekuk' and (pnnonoid slnutuns, ns fir-^t supgi'^-tcd 
for the paicnt 1-ammoqinnobne In Alliert 'ind Cfoldm le (21) and ns em- 
phasized foi a senes of dein nines of tins compound in a pre\ious paper 
( 10 ) 

The spccliopholomelnc absoiplion data for p muu[mne and for fsX-32hl 
m aqueous solutions of sulfunc acid neie foimulnted both in terms of the 
acidity function scale of Ilninmctl and the i \tended pll s( ale of MKlineli« 
Confoimit}’’ of the data to tho theouticd relationship, pTI (or Ho) = 
pK(n.Ho«) + log [«/(l ~ «)]) fuund to be belter wlun the pllscnleof 
Michaehs (Figs 4 and 5) was used lathei than th(> at idit} function scale of 
Hammett It seems likely that this can be attiibiitcd laigelc to the fact 
that these pioton exchanges of pamacpime and SX-3201 aie of a charge 
type w'luch coiicsponds moic doseh to that of the tlua/ines cmploxcd In 
Michaelis (although the chnige tape laned within his s^nes) tlian of the 
senes of indicators of Hammett and Dexiiip (12) It was emphasired 
clearly by Hammett and Deynip that se\eial acidilx functions (IL, Ho, 
H+, H++, etc ) would bo expected on the basis of the charge tapes of tho 
indicators 

In addition to the proton exchanges discussed ahoa e, (lummc and pama- 
quine exhibit icicisiblo changes in spcctiophotometnc absorption and 
fluorescence in 8 to IS xi sulfuuc acid which arc duo cither to proton ex- 
changes invoh ing the methoxy groups as acceptoi - or to “medium effects " 
These changes wall be dcsciibcd in the succeeding paper on a fluoromctnc 
method foi the detoraunation of the^e eonipoundb m biological samples 

SUAIM iin 

Appaient dissociation exponents foi pioton exchanges iniohmg the 
aromatic nuclei (ung mtiogcn atoms as probable acceptors) of qumme, 
pamaquine, and l'(6-mcthox3quinol3l)-a-pipcndjIcaibmol haac been 
determined potcntiometiically and spccti opliotometncalha , and tlic aacr- 
age values aie 4 33, 3 49, and 4 35, rcspectnclj In contiast, the corre- 
sponding exponent foi SN-3294, a stiuctiual isomer of pamaquine watli 
the secondaiy ammo group in position 4 instead of position 8, is S 71 
Appaient dissociation exponents dctoi mined potcntiomctncallj" foi the 
proton exchanges inxohang the side chains of these compounds aic 8 4, 
10 2, and 9 3, lespectivclj^ 

In concentiated aqueous solutions of sulfunc acid, second proton ex- 
changes mvolving the aiomatic nuclei (secondaiy ammo groups as probable 
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acceptors) of pamaquine and &X-3294 ha% e been c\ aluated spectrophoto- 
metncallj, and the equilibna haie been formulated m terms of the ex- 
tended pH scale of IMichaehs, the x alues of the dissociation ex-ponents bemg 
— 1 33 and —7 83, respectnch' The marked differences in the proton- 
acceptmg strengths of pamaqmne and SX-3294 are attnbuted to the special 
resonance of the latter 


The authors are grateful to Professor W jMansfield Clark for counsel m 
connection with this work, and thej- are indebted to Dr LxTnan C Craig 
for a sample of pure pamaquine citrate 
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A FLU0R0:METRIC jNIETHOD for the DETER^nXATIOX 
OF PAMAQUIXE, SN-1327G, AXD SX-3294* 

Bt J LOGAX IRVIN J^-D ELINOR MOORE IRVIN 

{From the Department of Physiological Chemistry, The Johns Hopinns Umrcrsity, 
School of Medicine, Baltimore) 

(Received for publication, March 2, 1948) 

Brodie e( al (1) have descnbed a photomctnc method for the deter- 
mination of pamaqmne* which is based upon the coupling of this compound 
with diazotized sulfamlic acid This procedure is satisfactorj’’, but alter- 
natue methods are desirable, particularly for studies of the disposition of 
this antimalanal compound in the tissues and body fluids of \ anous ani- 
mals Alternative analji/ical methods, based upon different properties of 
a therapeutic compound, pronde information concermng the degradation 
and subsequent disposal of the drug nluch a smgle method cannot aield 
so readily The fluorescence of pamaqume, SX-1327G, and SX-329-P in 
concentrated sulfunc acid provides the basis for the analjdical method 
descnbed m the present paper 

Analtfiical Procedure 

Reagents — 

1 Stock standard solution of pamaquine, 100 mg per liter Dissolve 
IGl mg of the citrate salt- in 0 1 n sulfunc acid, and dilute the solution to 
1 liter wath the acid This solution is stable for se\ eral veeks vhen stored 
m a refngerator Workmg standards are prepared daih b\ dilution vnth 
0 1 N BSO, 

2 0 1 N XaOH 

3 lONXaOH 

4 He\ane Eastman Kodak Ckimpanv, practical grade (from petro- 
leum) Tins crude soh ent contams both ^ olatilc and non-i olatilc sub- 
stance's wluch fluora^ce m concentrated sulfunc acid Tie «ohcnt is 

* The vork reported in this piper was aided bi a prant from tiie Pi irose Fund o'’ 
the Amencin Philosophical Societi 

* Pamaquine (plasmochin) is G metho\i-S (4'-dicthil imino 1' metlntba'ilmno) 
quinoline Numbers preceded b% the letters, SN, a-e the code numly'rs is ic^^d 
b\ the Ofiiceof the Survei of Antimilinal Drugs S\-1827o is C rrethovi-R fj’ i<^o 
propilaminoimilanuno) quinoline ‘^N- 52 aj ,c; Cnetho\i-l(4 die<h\l '-i-'o!'- 
metlnlbutilimino) quinoline 

*\\c are indebted to Dr Leslie Hcllcrman and Dr Curi. C Po-ti-- 'o- a e_"v'c o' 
purified pamaquine citrate prepared b\ their unpubhsLcd p-ocedu-c from n com 
mcrcial sample of pamaquine 
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ficecl of ilio iion-volatilc substnncob bv clistillntion in an npjiaialiM 

at atniosiilici ic picfcsitic CJolIcct tlic fi ii’ltoii boilin/i; fio/n and 

stoic It in a glass-stoppi'icd bottle The Milalilc, fluoievccnt bii])-,tancps 
do not intcift'ic in the incdiod dobdibi'd bclnu, simc tin /inal licxario c\- 
tiact lb cvapoiatcd pnoi to addition of snlfiiin and 

5 ?i'Butjd alcoliol, icagcnt grade 

6 OlNllCl 

7 Siilfmic acid, c e , analjtieal leagint grade, Mpeeda gi.uily 181 
Most samples of conccnliated sulfuue acid e\liibit some fluoreNceiue when 
niadiatcd by means of a meicui^' \apor lamp Iloueua , "blank” (hioros- 
cence fiom tins souicc is quite constant for a p irliciil ir bati h of the acid, 
and collections aie icadily made m the ( ali uhUioiis 

Procedure — In the follomng piocedme iiani'iipiiiie is speiified, but the 
same diicctions apply m the dcteiniination of .S\-].}27() 

Add 1 to 10 ml of plasma or otlici biologa il sample'' (containing 0 2 
to 5 7 of pamaquine) and an equal \ohiine of f) 1 s XaOIl to 30 ml of 
ledistilled lic\anc m a glass-stojipcicd bottle Shake the mi\turc for 15 
minutes on a mechanical shaket Centiifuge to separate the phases as 
completely as possible If a thick lajci of emuKion o\isls between the 
phases aftei the fust ccntiifugation, bioak the emulsion with a stirring rod 
and lepeat the ccntiifugation Add 0 5 ml of n-buhl alcohoH to the 
hexane phase with minimum distiubmco of tiie aqueou-' kucr With a 
pipette tiansfci exactly 25 ml (oi, if nceobsin, a smaller \olume accu- 
latelj’’ mcasuied) of the hexane phase to i small, tajiercd sep iratora funnel, 
add 5 ml of 0 1 N IICl and shake Mgoioush foi so\cial minutes Allow 
the phases to scpaiatc, then transfci the cntiic acid aipicous pliisc to an- 
othei sepal atoiy funnel Extract the hexane again with 2 ml of 0 1 
N IICI and combine this second acid cxti ict with the fust Introduce 25 
ml of ledistillcd hexane into the funnel containing the acid extracts Add 
1 ml of 1 0 N NaOII and shake the mixtuic ^ igorously for .5 minutes M- 
low the phases to sepaiatc and add 0 5 ml of n-butyl alcohol to the hexane 
wath minimum disturbance of the aqueous la 3 mr Draw* olT the aqueous 
phase and discard Tiansfci the hexane quantitatn cly to a 100 ml dis- 
tilling flask and evapoiate to diyness by distillation under diminished pres- 
suie (watei aspnatoi pump) m an all-glass still Mitmtam the water bath 
m wdnch the distilling flask is immeised at 30-50° duung the distillation 
It IS impoitant to lemovc all tiaccs of the sohont fiom the flask Then 
place exactly 8 ml (oi slightly more than the minimum volume required 

5 Samples of organ tissues, feces, etc , can be prepared for analjsis bj the procedure 
described by Brodie cl al (2) 

Butyl alcohol is added at this point in order to mminuzc loss of pamaquine by 
adsorption on the u’alJs of tlie glass vessel (1, 2) 
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for the particular fluorometer emplo3'ed) of concentrated sulfunc acid m 
the distilling flask and spread the acid o% er the entire inner surface of the 
flask in order to bnng all of the pamaquine mto solution Transfer the 
acid to a cuvette and determme the fluorescence m a fluorometer ® The 
irradiation of the sample is best earned out b}-- means of a mercurj* vapor 
lamp For the greatest sensitmty, Coming Filter 5970 (nev code number 
of the Conung Glass Works), speciallj ground to a thickness of 1 mm , 
should be placed betv een the lamp and the cuvette Hoive\ er, Coleman 
Filter BiS also can be used m this “pnmarj*” position vath a small de- 
crease in analjd,ical sensitmty The secondarj’' filter inserted between the 
cuvette and the photocell should be Coming Filter 3000 or 3389 or Cole- 
man Filter PCi Filter 3060 mil proaade greatest analj tical sensitnati , 
but with fluorometers m vhich a considerable amount of the pnmarj* ra- 
diation reaches the photocell bj* reflection from the sides of the cui ettes 
or by other sources of “scattenng,” it maj* be necessara to use Filter 3389 
instead of Filter 3060 to mimmizc the blank from this source Also, when 
blanks due to scattered radiation are senous, it maj* be nccessarj to use a 
combination of Filters 3389 and 5030 m the secondan^ position Filter 
5030 blocks the radiation in the “red” range of the spcctmm vhich also is 
transmitted bj* pnmarj^ Filter 5970 Transmittance-v ai c-length cunes 
for these filters are presented m “Glass color filters,” a publication of the 
Coming Glass Works 

Standards should be carried through the entire procedure mth each set 
of unknowns, and the concentrations of the latter are calculated from the 
fluorometnc \ alues of these standards A reagent blank, vliich includes 
the blank due to the sulfunc acid, should be determined In substitutmg 
distilled vater for the biological sample in the procedure In the cilcula- 
tions, the fluorometnc a aluc of the reagent blank is deducted from the \ '’luc' 
for standards and unknoims The intensitj of fluorescence of the stand- 
ards IS dircctlj proportional to the concentration of pamaquine 

The same procedure can be used for the determination of SX-320} m 
amounts as small as 0 1 7, but anahi:ical rccoi ones arc more nc irh quant 1- 
tatne if freshh redistilled cthjlcnc dichlondc (1 ,2-diclilorocthanc) i-~ 
used in place of hexane for the extraction of this compound 

RESUETS XNT) DISCIS'^ION 

It IS shown in Table I that pamaquine and SX-3294 added to plasm 1 
arc rccoicrable mth adequate precision b’i thi« anah tical procedure dlie 
method is equalh applicable to the determination of SX-1327G Tiic 
amount of intcrfenng fluorescent material in normal plasm i i- negligible 
vhen the anah'-is is carried out 1 a the double oxtraetioa p’^oecehire dc- 
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sciibcd above AUompIs to slioilcn tlu int lliod bv f \f i.u lirif^ parnaqinrip 
dncctly fiom llie initial oifranu Mihenl exfi.id with ( nuferil rated Milfurip 
acid, 01 hy ('v;v])oiaiiiig the nuUat cvtiacl uid adiliitp; ^iilftiiu add, wore 
misalisf'ictoij owing to exce^sne “blank” fluoied nue deiidd both from 
the sohent and fioin noini'il iil'i'-nvi inniei tho'.i condition'' Wlien the 
double extiaction pioiednic i'' iiM'd is desiiibid, tin o 'iginf itiank is not 
negligible but is quite ( oust ant and lepiodin iblc w itli t p n I n iihu b itch of 
leagents In oidei to inninni/(* the lihmk, it is p o tu iihiih nnpoit int to 
distil the solvents puoi to use 

An attempt was m idi to dcti'iininc the h isis toi tin fltiou si ( rue of 
pamaquine and SN-3291 m content inti’d snlfuin u id \s puicnfid iii 

Tvni.i 1 


Ajialyltcal licconry of PavifUjunit ami .S V-IJ'q Jriwi 1‘la^mn 
Data for rccotciic'i aip llic atoraRcsof lui (tpli'rownalioii'i n( i arli coiici ntration 


Compoimil 

1 Conccntr-\tion 

1 of compound 

1 in phsnn 

1 (tlicorclinl) 

1 

\ olumt 
of phimn 
impic 
ninij -cil 

\\ ett-r 
fonCfnlfvtiDn 
of conipn ni! 
in ph T'\ 
ffoiind) 

\\cri r 

c-0 Cf> 1 

\)f 1 c 

I'r lUion n' 
a «in,le 
I'ctfinirition 

from nvc arc 


1 y {•(' ! 

r*/ 

( ff' 1 

{fr* 

fer te-’ 

Pamaquine 

; 20 

10 

IS 5 

02 0 

ilO 5 


1 oO 

r? 

}7 2 

0} 1 

iS 1 


100 

5 

O') 2 

9') 2 

:d-G 2 


’ 200 


]0,) 0 

07 5 

L5 0 


500 

2 

100 0 

OS 0 

S 

SN-3294 

' 10 

10 

8 0 

SO 0 

il2 0 


20 

10 

IS 7 

03 5 

±0 3 


1 50 

5 

IS 1 

00 2 

— / 0 


100 

1 

95 3 

05 3 



the preceding papci (3), spcctiophotometiic and potentiometiic cMdcncc 
demonstiated that in 7 m sulfniic acid pamaquine is a tnpolar t vtion Atntli 
piotons attached to the cliethylammo nitiogen of the side chain, the cpim- 
oline ling nitiogen, and the sccondaiy S-amino nitiogen When the con- 
centiation of sulfuiic acid is incieascd fiom S to IS m, tlieie is a small shift 
in the absorption specti urn of pamaquine (Fig 1 ) Solut ions of pamaquine 
in 7 M sulfuiic acid aie piactically non-fluoi escent when luadiated by sun- 
light 01 by the 365 mfx line of the meicuiy emission spcctium As the 
concentration of sulfuiic acid is inci cased fiom 8 to IS xi, theie is a pro- 
giessive mciease in the fluorescence, solutions of paraaqinne in IS M sul- 
fuiic acid exhibiting biilhant violet-blue fluoiescencc Tlie niid-pomt of 
the change is in 13 76 m sulfui ic acid These changes in spccti ophotometi ic 
absoiption and fluoiescence might be attributed to “medium effects,” i c to 
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progressive changes in properties of the medium such as densit 3 and ns- 
cosity, but there vould seem to be a possibiht} that the changes arc due, 
at least m part, to a proton exchange ln^ol^^ng the methoxy group of 
pamaqume as proton acceptor The fact that the changes in absorption 
and fluorescence can be rei ersed bj' dilution of the concentrated acid solu- 
tions with water is in favor of the interpretation of the changes as due to a 
rei ersible proton exchange In fa^ or of the conclusion that the methoxx 
group IS mvolved is the fact that desmethox} pamaqume (8-(4'-diethx]- 



Fig 1 Change in spcctrophotoinelnc absorption b'v pamaquine in aqueous 
sulfuric acid from 0 to 17 4 m 

imino-T-meth}lbut}lamino)-qumolme) is practicalh non-fiuorescent in 
both 8 M and IS m sulfunc acid 

In ismuch as quinine also is a dcn\ atix e of G-mclhoxx quinoline, it v as 
desirable to stud\ the spectrophotometnc absorption and fluorescence of 
this compound m concentrated aqueous solutions of sulfunc ac d fo" com- 
pan'^on with pamaquine \s pre-ented in the preceding paper (3), sp^c- 
trophotometne and potcntiometnc eiadcnce demon'^trated that in 0 1 v 
sulfunc itid quinine is a dipolar cation with protoa^ attached to t'l* 
qumutlidme nitrogen and the nitrogen of the Quinoline nng Tik 'b-oy- 
tion sjicctrum of quinine clnnges progressnch the coaccntritio i of i^ul- 
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func acid is increased fiom 0 I to 17 6 m 'J'lie eonipli fe ab'.orptioii spectra 
of quinine foi the c\(i ernes of this laiif^e of ( oik (iit nil ions of lI:SOi arc 
shomi m Fig 2, and details of the piogie^sni ihanges m a ‘■eleded region 



Fig 2 iSpectropliotomctnc nbsorpfion runes for f|iiiniri( in nriiieoiis Hnliitioas of 
sulfuric acid 



Fig 3 Spectrophotomelric absorption curves for quinine in aqueous solutions 
of sulfunc acid 

are drawn to a larger scale in Fig 3 m order to illustrate features of the 
changes which could not be showTi on the smaller scale The changes are 
reversible by dilution of the solutions uath water Again, a rcveisible 
proton exchange (with the methoxy group as possible acceptor) is siig- 
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gested, but the absence of true isosbestic points® and the unusualh" vide 
range of concentration^ of sulfunc acid in vhicb the changes m absorption 
by quinine occur argue in fai or of attnbutmg the changes to a “medium 
effect,” at least m part 

Quinine in 0 1 m H 2 SO 4 is bnlliantlj fluorescent From 0 1 to 3 m sulfuric 
acid there is a slight mcrease in the intensity of fluorescence of quinine, 
possiblj’ due to a medium effect The intensity of fluorescence of quinine 
remains the same in sulfunc acid from 3 to 7 m From 7 to 18 m sulfunc 
acid there is a great and progressive diminution of fluorescence of quinine, 
the fluorescence being quite weak m 18 m acid Tlie mid-point of the 
change is 12 ji sulfunc acid The change is re\ersed bj dilution of the 
solutions vath v ater Tins change m fluorescence of qumine, occurnng 


Table II 

Analysis of Mixtures of Quinine and Pamaquine hy Measurement of Fluorescence 
in 0 1 SI H SOt and Concentrated H SOt (18 si) 


1 

Quanlilj of paata 
quinc iQ mixture 

i 

Quantity of qainmc ' 

Concentration 
of H SO» 10 final 

j Quantity calculated iiom fiuDTKCtncc 

in muturc j 

solution j 

1 

ramaquioe 

Quinine 

y 

1 

7 

u ! 

1 

i 

T 


1 3 


j 1 

1 27 

1 2G 

1 3 

0 1 ! 

1 

I 31 

2 52 

1 13 1 

0 1 


1 2S 


1 I 3 



1 20 

1 20 


IS 

1 24 


1 26 

1 3 

IS 

1 37 1 


1 20 

2 0 ' 

IS 

1 52 


1 26 

. 5 2 ' 

IS 

j 1 SC 


1 20 

i '3 0 1 

is 

1 2 03 



concomitaiitlvmth the thange m spectrophotometnc absorption, «uggc‘-ts a 
rc\crsiblc proton exchange, but a definite conclusion cannot be drawn oa 
the basis of this e\ idcncc alone Practical use can be made of the fact 
lint the changes m fluorescence of quinine and pamaquine in concentrated 
aqueous solutions of sulfunc acid arc in opposite directions The d ita of 
Table II demonstrate that quinine can be determined spccificalh be me is- 
uremeiit of its fluorescence in 0 1 xi H:80«, exen in the prc^cncc of \cn 
large amounts of pamaquine (or SX-13276) On the other hand, pain i- 
quine (or SX'13276) can be determined bj measurement of its fiiiorc'ccnee 
m 18 M sulfunc acid vnth onh minor interference from quinine vlicn the 
two compounds arc pre-ent in mixtura-' in nearh ecpi il proportions Tiie 
interference from quinine becomes senous when it isprc'Cnt in much 1 rger 

‘ The significance of the Jso«bcstic point is discussed hx Clarl (-tl 
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amounts than pamaquine However, even m the laftcr ease pamaquine 
can be estimated from the fluoiesccnrc m 13 "u II-SOi by subtracting the 
fluoiomctiie value which would ho expeded fiom (he amount of quinine 
knowm to be present m (he mixtiiie fiorn spin die determination of quinine 
by measunng fluoiescenee m 0 1 m II-30< 'I ins is of juiu ta.il \alue, in- 
asmuch as quinine and pamiuiuinc (nr S\- 13276) sometime-- are adminn- 
teied togethei m the treatment of viva-) mnlaii'i 

In the case of SN-32ni, a laigc and piogie-si\(> nureasi in fluorescence 
occurs m solutions of this compound m siilfurn arifl from 7 to 13 Af Tins 
IS the latige in which great changes m spectrophotometrif aiisorption bi 
the compound oceui (3, 5), the niid-points of (he speetroiiliolometnc and 
fluoiometiic changes pi actiealh foiruide These olianges in ah--orption 
have been attiibutcd to a ic\eisiblc proton exchange iinoKing the l-amino 
group of SN-3294 as acceptoi (3,5) It appears hKel\ that the fliangein 
fluoiescence also is due to this jiroton ex( hange In this, case pv idcnco for 
a pioton exchange involving the methoxw group h lacking uiile-a tlio 
small shift m the A\avo-lcngths of the maxima of tlie ab-orption (lines 
observed from appioximatelj’ 7 to M m sulfuric at id is due to such a proton 
exchange rather than to a “medium efToct,” ns suggested m the preceding 
paper (3) 


smViWm 

A fiuorometne method is dcsciibcd for the determination of pamaquine. 
SN-13276, and SN-3291 in biological samples The jnoccdure also is 
applicable to mix-tuics of ani one of these compounds with quinmo The 
method is based upon the fluorescence of these compouiuK in concentrated 
sulfuric acid Spectiophotometiic and fluoiometric obbei\ations are re- 
corded which suggest allci native explanations for the reiersiblc changes 
occurimg m solutions of these compounds m sulfuric acid 
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STUDIES OF ARTERIO^TiNOI^ DIFFERENCES IN BLOOD 

SUGAR* 


II EFFECT OF HYPOGLT CEMLV OX THE R\TE OF EXTR^HEP\TIC 
GLUCOSE ^SIMILATIOX 

MICHAEL 50 :^ 100^1 

{From the Laboratory of the Jemsh Hospital of St Louis, St Louis) 

(Received for publication, March 1, 194S) 

In a previoub paper' we clescnbed the quautitatne relationship between 
the degiee of hiTJergl} cemia and the rate of exlrahepatic glucose assimila- 
tion in health} persons In the present report we present the effect of 
h}T)ogl} cemia upon the rate of extrahepatic glucose assumlation In 
order to avoid misunderstanding, it is to be noted that h}'poglycemia in 
our termmolog} denotes any gh cemic lev el w hich is below the indmdual 
postabsorptn e lev el (fastmg blood sugar) m health} mdmduaLs It wall 
be demonstrated m the course of this report that a drop of but a few mg 
per cent belov the postabsorptn e level actuall} exerts the physiological 
effects which we asenbe to h}'pogl} cemia It mu^t be emphvsized, how- 
ev er, that the v alidit} of the results m studies dealing wnth the differ- 
ences lunges, to a greater measure than in most experiments mvolvang 
sugar determinations, upon the accurac} of the anal} tical w ork 
The h}'pogl} cemic state dunng which the observations here reported 
were made was the well known “spontaneous” hvpogl} cemia wluch trails 
wath great regularity m the wake of the alimentar} h}’pergl} cemia produced 
by oral or parenteral administration of glucose It could scarce!} c-cape 
attention in oui prevnous exiienments* that, followang the oral admini-tra- 
lon of glucosc, the A-V difference first increased rather nipidl} , but then 
showed a sudden decrease A rather abrupt dip took place sometimes 
dunng the 3rd, more frequentlv dunng the 4th, hour after glucose feeding 
In a good man} casc', however, the A-V difference remaineil high even at 
the end of the 4th hour, while in a few instances it receded to it" initi il 
(fasting) V nlue as earlv is the end of the 2nd hour Tne change "howed 
no regular rel itionship to the time element On clo'cr "crutinv it became 
ijiparent th it the ibnipt decrease in the A-V diffircncc consistentlv coin- 
cided wath the time interv il dunng whuh the irtcnal blo'xl "tig r had 
f illen below its po=tab'orptive level Tlu" im])re"ion was strengthened 
bv ob'crvatioii" on two subjects who rcmaineil IniKrglvccmK '■nd mam 

* Tina worl w is sided b\ tha Da,\id ^Ia\ 1 lortnci C> Msv I und 
' soinopvi, M , B r>l C/ cri , 174 , 1*10 (104X1 

• V-t — arteriovenous 
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tamed a bioad A-V difTcicncc oven at (lie end of the dth liour Wlicu, 
liowcvei, tlic test vas lojioatcd m these instaiues and e\<onded to 5 hoiin, 
a sudden dip of tlie A-V diffcienee did de\elop m tlie lom^o of the 5th 
horn, at the same time tliat the aileiia! hlood snLoir detlined to a li>pogI\- 
cemic level 

In fmlliei studies of this elTect of hj pogh cemia ujioii the rale of extra- 
hepatic glucose assimilation, we fed the subjects 50 gin of glm o-e instead 
of 100 gm The time of absoiption, and hence the duration of tlic nli- 
mentaiy hyperglycemia, was thus cut shorter, and undue prolongation of 
individual obseiTations to 1 oi 5 lioui-' could be axoided The re-'iilts of 
these expel iracnts, piesented in 'j'able I, tleaih shou the mtim'itc connee 
tion betueen the onset of Inpoghcenua and the abiui)l rlei rea^e of the 
A-V difleience In four instances (Subjects 1 to J) h\ pogl^eenua occurred 
m the couise of the 2nd houi aftei glucose feeding, and so did the dip in 
the A-V diffcicnce In the next thnlccn case^ (Subjects .5 to 17) hjpogb- 
comia and the abiupt shimkagc of the A-V difreience (onciinentlx took 
place duimg the 3rd hour Finally, in one siibjei t (No IS) the hjper- 
glj'cemia extended into the 3id hoin and, along with it, the A-^’ difTcrcncc 
lemamed high But then, m the dth hour, nhen h\ jinglv temm occurred, 
the A-V difTcicncc fell to 1 mg pci cent from a height of 25 mg per cent 
Tlieic x\as but a single subject (No 13) m this senes of eighteen m nliich 
the shaip dip in the A-V difTcrencc lagged somewhat behind the onset of 
hypoglycemia 

Two details m Tabic I descrx'c some comment One is the fact tliat the 
x^enous blood sugai may decline to a distmctlx lupogljcemic Icxel, and 
yet the A-V dilTeicnce icmams high, this was the case m Subjects G, H, 
12, 15, and IG, m the 2nd hour after glucose feeding It is to be noted, 
however, that during that period hypcrglj ccmia still peisisted m the arterial 
blood The shaip shiinkage of the A-V difference took place only m the 
3rd houi, xvhen the aiteiial blood sugar, too, had declined to a hxpogb- 
cemic level The second notable detail conccnis the extreme dchcac} and 
sensitivity of the mechanism which govems this relationship Tins 
sensitivity is most conspicuous m Subjects 1 and IS, in which arterial 
hypoglycemias of only 1 and 2 mg pei cent sufficed to initiate the rapid 
shiinkage of the A-V difleience Convcisely, Subjects 11, 12, and 15 
show that minimal degrees of aiteiial hypeiglyccmia, which exceed the 
fasting level by only a fexv mg , can keep the A-V diffeiences lingering at 
or neai the high values to xvliich they had climbed during the preceding 
hyperglj'-cemic peiiod 

The salient point of oui findings, then, is the fact that at xarious in- 
teivals aftei glycose feeding abimpt shimkagc of the A-V difleience takes 
place, which is intimately linked xvith the onset of ai tei lal hypoglycemia. 



Tabie I 

Shomng Sharp Dip in Artenarcnous Difference during Arlmal Hypoglycemia 
Fdlloxing Alimentary Hyperglycemia 

Values in mg per cent 


Time intervals after ingestion of glucose (50 gm.) 




Fasting 1 

0 5 hr 

Ihr 

2 hrs 

3 hrs 

4 hrs 

Subject 

No 

Origin of blood 

b 

d 

tc 

3 


s 


CS 

u 

■ 

b 

e* 

tc 

3 


e 

u 

3 


rt 

K 




s 

o 

> 

5 

o 

> 

o 

o 

H 

*5 

o 

> 

5 

o 

> 

c 

o 

> 



p 

c 

p 


p 


p 

< 

P 

< 

P 

< 

1 

Arterial* 

86 


184 


127 


72 


S3 


SS 



Venous 

84 

2 

164 

20 


37 

66 

6 

81 

2 

87 

1 

2 

Artenal 

79 


153 


135 


52 


69 


4 4 



Venous 

78 

1 

113 

40 

IPM 

32 

49 

3 

67 

2 

76 

1 

3 

Arterial 

89 


154 


146 


83 


62 


SO 



Venous 

82 

7 

138 

16 

126 

20 

78 

5 

61 

1 

78 

2 

4 

Arterial 

95 


185 


152 


93 


85 


86 



Venous 

88 

7 

157 

28 

134 

18 

8S 

5 

81 

4 

84 

2 

5 

Arterial 

90 


132 


111 


107 


70 


7T^ 



Venous 

81 

9 

98 

34 

S3 

28 

84 

23 

66 

4 

76 

1 

6 

Arterial 

92 


193 


129 


122 


81 


SS 



Venous 

88 

4 

157 

36 

95 

34 

84 

38 

75 

6 

85 

3 

7 

Arterial 

89 


153 


181 


112 


66 


75 



Venous 

86 

3 

136 

17 

142 

39 

91 

21 

65 

1 

74 

1 

8 

Arterial 

93 


142 


177 


121 


71 





Venous 

91 

2 

134 

8 

142 

35 

101 

20 

69 

2 

77 

<1 

9 

Arterial 

84 


131 


156 


120 


62 


69 



Venous 

79 

5 

114 

17 

128 

28 

iTi!c 

20 

59 

3 

66 

3 


Arterial 

102 


170 


167 


127 


67 


SO 



5 enous 

9G 

G 

153 

17 

146 

21 


19 

65 

2 

79 

1 

11 

Artenal 

91 


180 


ISO 


91 


04 


77 



Venous 

So 

6 

143 

37 

151 

29 

75 

16 

62 

2 

72 

5 

12 

Arterial 

91 


152 


152 


97 


S3 


SS 



Venous 

Bl 

4 

131 

21 

124 

28 

83 

14 

82 

1 

S3 

5 

13 

Arterial 

92 


16S 


114 


81 


88 


87 



Venous 

So 

1 > 

142 

26 

80 

28 

67 

14 

84 


S5 

2 

11 

Artenal 

SS 

\ 

1 

167 


154 


123 


70 


82 



Venous 

87 

1 

153 

14 

137 

17 

110 

13 

69 

1 

78 

4 

15 

Arterial 

94 


149 


145 


100 


81 


85 



Venous 

90 

4 

12S 

21 

123 

22 

87 

13 

SO 

1 

81 

* 

IG 

Artenal 

91 


16S 


171 


92 


70 


83 



Venous 

89 

2 

153 

15 

154 

17 

79 

13 

67 

3 

79 

4 

17 

Vrterial 

87 


13G 


169 


120 


67 





\ enous 

81 

G 

123 

13 

155 

n 

112 

14 

00 

1 



IS 

Arterial 

' 79 


SS 

1 

122 


116 


112 


78 



\ enous 

74 

o 

S3 

5 

105 

17 


/7 

87 

2.5 

77 

1 


* Cspillarj finger Wood was used to obtain the ^alucs hated opposite "rleria! 
This procedure lias been ahoim (see foot note 1) to proiido a 'atisfacton suba'i 
tule for arterial puncture 
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bui )s indopcudcni of (lie luiic (hut lui‘> (l'ip‘-f'd nflcr fho ingo-^lion of 
gluco‘-c This phonnmoiion .ipp(‘'iis Mgnific.'ml r ruomli fo incnf ndditionnl 
illusti.iiion nnd drinonsludion I'oi llin piiipo^t wr Iwo dnidod the 
ca'ses picscnled in 'Jablc J into two gioiips, ofroiding to fho timo of the 
onset, of t.he hvpoglyceinu state In 'fable If are pre^-intefl flie n\eragc 
values of tlieii gij’ceinic le\eK and A-^' diniinues (rhoiips 1 and 2) 
Gioup 3 in Table TI iej)ie^enls the n\eiage ^ahl( of e\pf riinents in vlnch 
ten individuals weie fed 100 gin of glui o-e laeh 'Fhe'^e wore picked ns 
examples fioin a proMous stiuh ‘ In Gioup I of 'ruble TI are gneii the 

Iaiiii ]1 

ShowwQ That I'iharp Dip in A-1 Dijfirrurc D ('hrnnrilnijtrnlhi Contn grnl Onlu cr 
On'^cl of Ilypogtvrnnia but Unrrlnktl tn 'I imr of dlnro'^r ftrdina 
The kIuco'.o \nhicfi rcprrqcnf inp per 100 cr of bloofl 
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1 in of tr\n o 



a 

Subjects used for ii\crnrc' 

1 Orjrin of iiunr \ ill 
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0 

o 

o 



'I ft t 1 
Jnr I 

1 0 ^ 
i hr 

i”’ i 

; L I 

! I bri 

j < hr< 

I 

5 

hn 

1 

Subjects 1 to4,50gm 

Arteritil blood 

>>7 

ib'i 

icn 

T”) 1 

73 

' M 

! 

1 


glucose bj mouth 

(lifTtronro 

1 2 

20 

27 

t 7i 

2 3 

' 1 


2 

Subjects f) to 10, no gm 

, Vrtcri'il blood 

a2 

I'O 

r.i 

IDS 

73 

SI 



glucose bj mouth 

\-V diflcreiifc 

) ) 

O') 

1 

27 


2 

2 S 


3 

10 subjects, 100 gm 

Vrteri il blood 


I.'rl 

in ' 

no 

III.') 

74 



glucose bj’ mouth 

A \ difff rciicf 

2 f 

21. ' 

2*^ 

2') 

is 

3 0 


4 

2 subjects, 100 gm 

1 \rtcrifil blood 

'll 

ir>7 

170 

in 

1 17 

I2I 

71 


glucose by mouth 

\-\ (lifTcrciict 

I 0 

3-. , 

, 33 

30 

30 

.10 

2 5 

5 

1 subject, 100 gm glu- 

1 Artcnnl blood 

'12 

IT”) 1 

[ICO 

210 

01 

SI 

1 


cose intra\cnousb* 

A A dilTcrcnct 

3 3 

10 V 

1 

10 7 

*.0 1 

1 1 

0 3, 



* The infusion Instod 2 liotirs, in the Ist lionr 2S pm , in tlie 2n(l hour 72 uni of 
glucose verc infused 


aveiage values of tivo ca-^es in which In jieigh comia jici'-ii-ted m long as 
4 houis aftei the ingestion of 100 gm of gluco-'C Fin ilh , Group a con- 
cerns a Jiealthy young man wdio leceived 100 gm of gluco'^e lntla^enoush 
in the couise of 2 houis, 2S gm m the 1st and 72 gm dm mg the 2nd hour 
Attention is called to the figmes wdnch aie boxed m squuc^ The first 
squaie contains the fasting aiteiial glycemic le\cl, the second encloses the 
last houi cluiing wdnch ImDerglj^cemia still peisnted, finally, the third 
squaie piesents the mteival immediately following the onset of the hypo- 
glycemic state With each blood sugar level the coiiesponding A-V 
difference is given This aiiangemeiit of the data cloaily exposes the close, 
appaieutly causal, connection betw'een the onset of hj''poglycemia m 
artenal blood and a rapid contraction of the A-V diffeience 
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This rule is most conspicuously demonstrated m Group 5 of Table II 
It represents an experiment m 'uhich, by means of mtra% enous admimstra- 
tion of glucose, hyperglycemia in a healthy j oimg man Txas raised to an 
abnormal height, and then, begmnmg at the moment "nhen the glucose 
infusion was terminated, a steep decline of the glycemic lei el ensued 
Owing to limitations imposed by the processes of intestinal absorption, 
no such sharp and extensive swings of the glycemic level can be produced 
by oral feeding of glucose By mtrav enous administration, on the other 
hand, it was possible to push the artenal hyperglycemia up to 210 mg per 
cent, and then, by terminating the influx of glucose at that \eiy' moment, 
permit the glycemic level to drop sharply to 61 mg per cent withm an 
hour The high gl} cemic level entailed an increase of the A-Y difference 
to 59 rag per cent But when the blood sugar dipped bclov its fasting 
level in the course of the next hour, the A-Y difference prccipitoush 
shrank to 1 4 mg per cent, less than half its fasting value 

To round out the endence demonstrating the causal connection between 
the occurrence of hypogly^cemia and the decrease of AA' difference, the 
results of one more expenment are presented here graplucally It is 
shovTi in this expenment that when the onset of a hjTpogly cenua can be 
anticipated and successfully forestalled the shrinkage of the A-Y difference 
also IS prevented In the first stage of the ex-penment the subject, a 
health} young man, vas fed 75 gm of glucose b} mouth and the artenal 
and venous glycemic levels vere observed for 3 hours, in this manner it 
was estabhshed that the usual contraction of the A-Y difference took place 
in the course of the 2nd hour Next the subject was fed 75 gm of glucose 
as prevnously, but an hour and a half later he was given a second 75 gm 
portion of glucose for the prevention of fivTiogl} cemia As is shown in 
Fig 1, the results are fully in line wath the rule The second dose of glucose 
intercepted the decline of the gh cemic level at the proper time to prevent 
h}T30glycemia Instead, the second dose of glucose effected a slight rise 
in the artenal glucose level As a consequence, the A-Y difference “^ub- 
stantialh expanded dunng the 2nd and 3rd hours (33 mg per cent), 
whereas in the first test in this expenment, in which hvpodvcemia va.-, 
permitted to develop, a «hniikage to 3 mg per cent had taken phcc dunng 
the same jienod (see Fig 1) 

'Die curves in Fig 1 again give warning against tvo po=^ihle crror= 
First, thev show how misleading it would be to correlate the cl^ngc* m 
the A-Y difference with the time element in the process (a^ .va"; '’ctu'’llv 
done bv a few workers) Sccondh, the ghico=e curves clrarlv coa.ev 
the lesson that it i« the changes of the artenal, "nd not of the vfaon= 
blood sugar level which must be taken into consideration in r.alua'ixrr 
the relationship between glv cemic levels and \.-Y difference^ In=pcctio 
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of the nitcrial and ^onous nines of I he socond t(st (I-ij; 1) rnnkos Dm 
qinic obvious the (>;icatcst A-V diffcieiKe niade its appcaraiK c after the 
3rd lioiu of tlio cxpemnenlal peiiod, A\liei) llie at tonal blood still lingered 
at a lijqrcigljcoinic lo\cl, the fact llial (lie \eiuHis blood sugar ahead} 
bad dipped to a I13 pogl} eemie le\el e\id(tith had no effect upon the ‘VA 
diffei ence 



Fig 1 Illustrating that the shrink igc of \-\ di/Tcrcnrc cm he forestalled In 
preventing the onset of In poglj cenii i Dasherl line, blood sugar after a single 
dose of 75 gm of glucose (first test), solid lino, blood sugir after tno 75 gin doses 
of glucose (second test), O arterial, X \enous The sh idcd area shons that the 
difTerence remains great so long as arterial In p-’rgh cemi i is m untamed, the cross 
hatched area shons the conspicuous slirinkngc of the V V difference m the same suh 
jeet as soon as the ai tonal blood sugai falls below its fisting level 

The effect of ai tonal liypoglycemia it, m diametnc contiast to the effect 
of hj^peiglycemia, which, as is known, enlianccs the latc of cxtiahcpatic 
(as ’ivell as hepatic) glucose assimilation In keeping with accepted con- 
cepts and experimental pi oof, the 1 espouse to hyperglycemia can be at- 
tiibuted to an mci cased insulin supply that is bi ought about by the stimu- 
lating effect of hypeiglycemia upon the islands of Langcihans It is not 
so simple to explain why hypoglycemia entails an abiupt depicssion m 
the late of assimilation Deciease of the insulin supply w'ould readily 
be made accountable foi it by the (still numeious) pioponents of the over- 




M SOMOGTI 


G03 


Simplified “unitanan” school of thought This, hoiiever, is untenable 
m \new of the fact that the shnnkage of the A-V difiference occurs just at 
the time uhen the onset of hj-poglycemic states mdicates the presence of a 
greater than normal msulm supplj’" 

A more apt interpretation can be based on the fact, often demonstrated 
in animal experiments, that msulm supply and msulm action do not ahraj s 
run parallel Two categones of factors are knorni nhich depress msulm 
action dietary and endocnne factors High fat-ion carbohydrate diets 
and acid ash diets are well recognized members of the first group In 
the second category belong the several msulm-antagomstic constituents 
of the pituitary-adrenal system, and probabh some other endocnne 
products, and still there may exist some as yet unrecognized insulin an- 
tagomsts In lookmg for inhibitors of msuhn action which are ushered 
in by hy^iogly^cemia, dietary factors are obnoush to be disregarded and 
one must direct attention to the likelihood that hypogly cemia stimulates 
to increased actmty the endocnne organs which produce the msulin- 
inhibitmg hormones Prompt response of these organs to hypogli cemia, 
by supplynng increased quantities of insulin inhibitors, vould readily ac- 
count for the abnipt drop m the rate of glucose assimilation Tins subject 
inll be treated m greater detail m a forthcoming paper dealing -mth the 
effects of msulm on the rate of extrahepatic glucose assimilation 
In conclusion, we vnsh to call attention to the substantial contnbution 
of the extrahepatic tissues to the homeostasis of the gly cemic Ie% el diinng 
hypoglycemic states This function is performed by nrtue of the fact 
that the rate of glucose assimilation sharply drops at the onset of h\po- 
gly cemia and thus retards the depletion of blood sugar 

sonuRT 

Differences between glucose concentrations m artenal (capillary) and 
cenous blood of healthy persons were studied during hypogh cemic states 
which follow the hyperglycemia produced by glucose feeding 

It was found that the onset of artenal liy pogh cemia entails an abrupt 
drop in the rate of extrahepatic glucose assimilation Tins fact n reficctc-d 
in a sudden shnnkage of the A-V difference', which frequenth oip b''Io>\ 
their postabsoptne (fasting) ^alues, thee ma\ decline to lc«=5 than I ni" 
per cent, but necer become negatnc 
The a enous blood sugar may fall to hypogly comic le>cls wathout affecting 
the A-V difference, it requires the mipact of artenal In pogly cemf’ to 
depress the rate of glucose assimilation 
The exirahcpatic tissues contnbute substanti'^Ih to the homeo'tas 
of the gly cemic lc\el by Milue of the decime in thar rate of gluco^'’ as- 
similation diinng In pogh cemia 
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jmetabolism of tryptophan by the rat* 

Bt PLINIO B JUNQUErRA-t A^D B S SCHWEIGERTI 

{From the Department of Biochemistry and Nutrition, Agricultural and 
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Recent studies haAe demonstrated that \ntamm Brdeficient rats and 
mice, m contrast to animals receiving an adequate quantity of the ntamm, 
excrete small amounts of nicotmic acid and N^-methj*kucotmamide when 
tryptophan is fed (1, 2) This has been mterpreted to mean that vutamm 
Be IS necessary for the metabolic conversion of dietarj' try-ptophan to 
mcotlnic acid and its methylated denvativ e 

It was of mterest to extend these obsen ations and to detenmne the rate 
at which ntamm Be-deficient rats reco%*ered the ability to convert trjqito- 
phan to mcotmic acid when the vatamm was agam a dmin istered Further, 
the comparative effectiv'encss of the three vatamm Be denvativ es, pjai- 
doxine, pjaadoxal, and pyndoxamme, was also studied with animals pre- 
viously depleted of vatamm Be by the use of two entena, the amounts 
of mcotmic acid denvativ es excreted when tr3*ptophan was fed and the 
rates of gain 


EXPERIMENTAI, 

Weanlmg male albmo rats 40 to 50 gm m weight (Sprague-Dawley 
stram) v\ ere used m these studies A basal ration was fed consistmg of 
sucrose 67, punfied casern 24, Salts IV (3) 4, com oil 4 7, and vatamins A 
and D concentrate 0 3 per cent, plus the follovang amounts of B vatamms 
per 100 gm of ration thiamine 250 7, nboflavan 300 7, calcium pantothenate 
2 mg , inositol 100 mg , choline 100 mg , pterov Iglutamic acid 200 7, and 
biotm 10 7 Control groups received 250 7 of pvaadoxmc hvdrochlondc 
per 100 gm of ration in addition to the basal ration After 3 weeks on 
experiment, quantitative unne collections v\ere made, and the amounts 
of nicotinic acid and N*-methvlnicotmamidc excreted per da\ were deter- 
mined bv techniques described in earlier work (1) 

* Supported in part b\ s grant from Swift and Compan\ We arc indebted to 
Merck and Ckimpanv , Inc , (or generous supplies of pvndoval and p\'ndoiarri''o and 
to Helen Keene and Frances P'Tuer for tcchmcal assistance 

t Graduate fellow from Sao Paulo, Brazil, spoasomd in part b% tbe Ins'itute of 
International Education 

t Prcs.nl address, Duision of Biochenustrj and Kutntion, \r-cncan Meat Ins*i 
tute Foundation, Lni%cr£i’\ of Chicago, Chicago, Illinois 
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Pooled mine collections foi 2 oi 2 dm p( nods Mere ohl'iiiied when the 
bnsil lution wiis fed niul idso when the intion pliK 100 inp; of dl- 

tiyptophan pei da^ was fed foi (he suiisefiiient 2 (o 2 du} period Tins 
sequence of nunc collet tions was lepealed iirilil the innliihh of the Mtaniin 
Bc-deficient lals to coineit (nptophan to nuotinie 'uid and N'-metlijl 
nicotinamide as dctci mined In the unnan (\( ret ion was demonstrated 
In the fust expeuments, the ('ffeit of ‘^npfilementinq the diet of \ilarain 
Be-deficicnt lats on the coincision of iiipfophnn to nuotinic acid and 
N*-mcthylnicotinamidc was detcimined after the rats liad licen fed the 

Taiui I 


Effect of Rccovmi from I tlamnt lit Drfiacno/ on I'rtnnn/ I xcrilion of Atrn^iae 
.Icid and N'-Mrlhidnicotinanudc hi/ Rnt- ltd '1 ri/p'ophnn 
Tlic \ nines nro c\jirc''SC(l ns niK ro^r uii i cm r< ted j)‘ r nil j)er da\ 




j 1 ipe inr-t I 

I tp 

' inent II 


Dictarj rcKimcn 

n^> 1 

Ntro- 

1 

1 

I)i>t 

Nko- I 

x> 

Mccq 



onrxpffi 

j mcnl 

linic 

tlCl'l 

nicotini 

nil!' 

••*•0 rt;)rTj 

ment , 

tini' 1 
acul 

I 

pi'oti a 
mil 

Bnsnl ration (—Be) 

1 n-n 

7 S 

15 

15-07 

12 5 

53 

it 

-1- trjptophan* 

I 5 5-50 

U) S 

01 

.O^l-IO ' 

25 0 

235 

a a 

+ Bst 

1 57-5S 

11 1 

.7) 

11-1.5 i 

9 4 , 

57 

Cl IC 

+ “ + tr^ ptoplian 

50-00 

,02 1 

250 

11-IG 1 

50 0 i 

1327 

ft it 

+ “ 

Gl-O)*! 

J2 7 

00 

17-19 ' 

9 4 1 

IIS 

it (t 


CI-OG 

59 0 

CI5 

50-52 ' 

95 S 

3210 

(( it 

-f “ 

G7-GS 

21 7 

111 

50-55 j 

11 I j 

OlO 

it it 

-f “ -f 




.50-50 

SO 3 ; 

1G51 

ti it 

-f “ 




59-00 

20 3 j 

3S1 

it a 

+ “ + 

t 



G1-G2 j 

SI 0 1 

1930 

* In all 

cases 100 mg of DL-trjptophan wore fed per rat per da\ 




t 250 7 of pjndoxinc hjdrocldondc per 100 of rntion 

Vitamin Bc-deficicnt diet for a period of 50 daj s (Table I) In these studies 
vitamm Bo wxas supplied as 250 y of pMidoxmc h> diochloiide per 100 gm 
of lation In a subsequent cxpciimcnt animals that had been fed the 
deficient diet foi 40 days were used Each figure lepiescnts the axcrago 
of the values obtamed foi four lats used in each sequence of dictarx' treat- 
ment 

For the studies to determine the comparatnc efTectiveness of pjn- 
doxme, pyiidoxal, and pjuidoxammc, the animals weic fed the deficient 
diet for 40 days Smcc valuations in food consumption would tend to 
increase the vaiiabihty in the recoveiy of the animals when the test com- 
pounds were added to the ration, these tests weie earned out by mjecting 
the vitamm Bb deiivatives intiaperitoneally 25 y of p 5 ’’ndo\me lij^dro- 
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chlonde or the equivalent of the other den\ atives on a molar basis were 
injected daily This lei cl was selected since it approximates the mmi- 
mum daily requirement of the rat for \ntamin Bj and w ould give a more 
cntical companson of the three \ntamm Bt, denvatnes than if greater 
amounts were given Four aatamin B'-deScient rats were used in each 
group, and the results obtained for the three groups before and after anta- 
mm supplementation and the sequence of tr> ptophan feedmg are shown in 
Table II 


T\bi,e II 

Comparalive Effect of Injeclino Ptjridoxinc, Pijndoxal, or Ptjndozaminc on 
Unnary Excrelton of Ntcoltntc Icid and V'-Mclkylnicolinamidc by 
Pals Fed Tryptophan 


All the values are expressed as micrograms excreted per rat per da> 


Dietary regunca 

Da>s 

onerpen 

1 Qcnt 

1 

1 Nico- 
tinic 
acid 

''' 1 
Mcthjl 1 
nicotins 
midt 

1 

Nico- , 

time 

aad 

/ 

Ni 1 
Mtthsl 
nicolina 
imde f 

NiCO- 1 
umc ^ 
acid 

M 

^fethrI 

mcolina 

mide 

Basal ration (— Bt) 

35-37 

1 

' 15 0 

lOS 

11 0 

os 

10 S f 

51 

" “ + tryptophan* 

3S-40 

10 6 

29S 

21 3 

210 

17 7 i 

314 



25 Y 0” cqun Jcni injected per dayt 



r)ndoiine 

P>ridnial ’ 

P> ndoiamae 

Basal ration 

41-13 

1 

12 4 

96 

9 S 

94 

10 4 j 

99 

" “ +trj ptophan 

44-46 

36 5 

1002 

34 4 

1191 ’ 

45 2 

1255 

<< 

47-49 

21 3 

25S 

16 4 

290 

15 0 , 

243 

II II ^ II 

50-52 

115 6 

2S14 

79 1 ' 

2749 

97 9 

2592 

If II 

53-55 

26 2 

423 

19 6 

450 

9 S ’ 

349 

II II ^ II 

56-5S 

149 5 

2340 

15S 2 

1440 

103 3 

1240 

II If j 

59-60 

22 5 

430 

22 0 

392 

17 2 t 

3S0 

II II ^ II 

61-62 

6S S 

2125 

90 6 

2135 

01 9 

1510 


* 100 ntf; of Di, trj ptophan per rat per dai 

t Calculated as pxndoxinc Indrochlondc on a mohr basis Pjndoxine and 
pj ndoxal were gi^en as the hxdrochloride and p\ ridoxaminc as the dihxdrochlonde 

nESCLTS VNT) DISCL'SlON 

In the present nork the inabilitx of xntamm B.-deficient rit« to excrete 
relatnch large amounts of nicotinic acid and X’-mctln Inicotinamide when 
tn ptophan nas fed has been confirmed For example, after 2G daxs on 
expenment, rats deficient in ntamin Br nere fed 100 mg of nn-tn-ptoplian 
per dax and excreted 13 3 y of nicotinic acid dailx, xxlicrcas the xatamm 
Bs-supp!emcntcd group excreted 37-} 8 y per rat dailx The f orre-poadmg 
X allies for X'-methx Inicotinamide were 273 and 3S17 y re-pcctixelx 
Similar data obtained m other expenmentv am =homi n T ib''’s I and II 
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Tlie rate of recover}’’ from llio \jlatnin flefuifnc} uhen pjncloMnc 
was added to the lation, ns meu'^incd In llte of th(' rat to comert 

tryptophan to nicotinic acid and N‘-in( tlivlnu otin.unulf, h in Table 
I It was cleaily sliown that the staj^o of the (](^l(I(n(^ vas an important 
factor that influenced the rate of reco\en I'Vir e\ imjile, vhen \itarain 
Bo supplementation bewail after ."iO d'n*^ on the dc fa tent diet, 7 dajs 
later the exciction of nicotiiiie add and N‘-m('llnlni(otin'irnidc uas onh 
GO and 645 7 respcctncly, v lien rats veic fed lOOmi; of i)L-tr}ptophan pr 
day IIowe\er, when pjiidoMiie supplementation was initiated on the 
41st day of the deficiency, the lespeelne \m 1 ii(s after 0 d-ns of Mtamm 
Bo supplementation were 95 8 and 8210 7 Subseijiient experiments fon 
ducted by injecting pjndoxino oi related compounds .ilso demonstrated 
that the lecovciy of the anima'fa m terms of the e'l ration of nicotinic acid 
and N^-mcthylmcotmamidc vas much moie npid vhin thi animals nsctc 
fed the deficient diet for onh iO d ix ■-, as eornp in d to the ri 'Ults presented 
m Table I for animals fed the deficient diet for .'>(> d n T}ic-,c results 
xveie consistent for nil tests condueted nilh eai h group in e'uh evpenment 

Rosen and associates (2) stated tint c\en aftei 2 weeks of dail> ad- 
ministration of 50 7 of Mtamm Bo to rits which liad been fed a Mtamm 
Be-deficicnt diet for 31 da}s thex were unable to detect an appreciable 
mciease m the amounts of N'-mcth} Inicotmamule excreted xvhen trxpto- 
phan xxxas fed These xrorkers used a highci le\el of casein (33 per cent 
as compared to 24 per cent) and the ingest on of higher lex els of casein ac- 
centuates a deficiency of xntamin Bo (4-6), Ihcrefoic their rnimals max 
have been moie deficient m xntamm Be than the animals used m the present 
studies ’ Wliethcr these xmnations m the clTccts noted ('an be attnbuted 
to the activity of the intestinal flora or to the abilitx of the tissues to carrx 
out the transformations mxmhmd 01 to a combination of thc'C factors can- 
not be determmed at piesent 

It can be seen from the data presented in Table II that pxndoxine, 
pyiidoxal, and pyridoxamine arc cssentialh equal m their cffectixcncss 
and the recovery from the deficiency was xer} rapid There was a large 
mciease m the amounts of nicotimc acid and N‘-mcthx Imcotmamidc ex- 
creted xvhen tryptophan wms fed during the 1th to 6th dajs of xntaniin 
supplementation After the 10th day of supplementation the xalues for 
the amoimts of mcotmic acid and N'-raethj'lnicotinamidc excreted cm be 
considered normal when tiyptophan wms fed (compaic also with the data 
m Table I and m previous papers (1,8)) Othei animals fed the x'ltamin 

1 Since this paperwas prepared for publication, Bell ci al (7) liax 0 reported that rats 
which had received a vitamin Be-deficient diet (15 per cent casein) for 22 dajs cx 
creted large amounts of N‘-methylmcotinamide in particular, when tr\'ptophan was 
fed 8 days after pyridoxine supplementation was imtiatcd 
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Bc-deficient diet continued to excrete small amounts of mcotinic acid and 
N*-methylmcotmamide -when tryptophan was fed 

The conclusion that pyndoxme, pyndoxal, and pyndoxamme are equally 
effective for the rat when injected is in agreement with the work of Snell 
and associates (9, 10) The critenon for companson used by the latter 
workers was the rate of growth Growth data were also secured m the 
present expenments and, dunng the 3 weeks of recoveiy from the de- 
ficiency, the gams obtamed were as follows for the pyndoxme-, pjTidoxal-, 
and pyndoxamme-supplemented groups 21 0, 22 3, and 20 7 gm per w eek 
respectively, whereas the control group which received no supplement grew 
at a rate of 1 5 gm per week It appears therefore that the rate of trans- 
formation of pyndoKme and pyndoxamme to pyndoxal, recognized as the 
biologically active form of the ntamm, is sufiBciently rapid to permit equal 
effectiveness for all three compounds to be demonstrated when measured 
either by the comparative rates of gam or excretion of nicotinic acid de- 
nvatives 

The mechamsm by which vitamm Bs functions in the comersion of 
tryptophan to nicotmic acid has not as j et been cstabhshed Indole, m- 
doleacetic acid, mdolepropionic acid, mdolebutjTic acid, and at least ccr- 
tam ammo acids other than tryptophan are inactive precursors of mco- 
tmic acid for the rat, judged on the basis of the excretion of mcotmic acid 
and N'-methylnicotmamidc when the test compounds were fed to animals 
recenung adequate diets (8, 11, 12)- Rosen and associates (2) ha\e re- 
ported that kynurenme, kjmurenic acid, and xanthurenic acid, all metab- 
olites of tryptophan, are mactu e as precursors of N‘-mcthylnicotmamide 
when tested wath rats recennng adequate diets A recent report bj Beadle 
el al (13) demonstrates that kynuremne is an mtermediate m the forma- 
tion of nicotinic acid from tiy-ptophan bj Ncurospora Tins suggests 
that further studies wath the rat and other animals maj rc\ eal some in- 
formation on the pathwaj' wherebj' tn^ptophan is conierted to nicotinic 
acid and wluch metabolic reaction % itamin Bs influences From the knowai 
alterations m the metabolism of trjqitophan bj the Bs-deficient rat and the 
work of Beadle cl al (13), it would apoar that an exhaustne ‘:tud\ of the 
effects of kaaiurenine, kjmurenic acid, and xanthurenic acid on nicotinic 
acid formation would be \ crj \ aluablc 

Tlie possibilitj that the inabihtj of rats to con\ ert tia ptophan to nu o- 
tmic acid dcn\ati\e3 also occurs with animals dcflcicnt m dictarj factors 
other than latamm Bj cannot be excluded Prelimman cxporimcnt'- 
ha\c indicated that at least <5ome reduction m the excretion of nicotinic 
acid metabolites occurred when triptophan was fed to nboflann- or thia- 
mmc-dcficicnt rat«, as compared to the results obtamed wath rats fed adf- 

‘ SchnciRcrt, B S , unpubhsheJ data 
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qnatc diets These studies uic beinp extended to obtain more information 
on the fapccificity of a vitamin Br. defieienc} on tli(> inabilit\ of rats to trans 
foim tiyptophan to nieotinic acid and its nietiijlated dei native 

SUMMVin 

Studies have been made on ttic lale of lei overv of v itarnui It -deiicient 
lats aftci supplementation with pviido\me, as measuied bv the amounts of 
nicotinic acid and N'-mctln Inicotinamide exiieted m the mine when 100 
mg of DL-tiyptophan vvcic fed pei dav A (omp.imon of tlic lelntivp 
actnntics of pyiidoxinc, pvndoxal, and jnndoxamme niensnred b> the 
latc of gam and also by the amomiis of iiKolmie m id aiul X'-metlnlnico- 
tinamido excictcd in mine when ti\)itophnii was fed was also conflurtrd 
The latc of iccovciy of vitamin Bs doluiencv, wlien jivnidoMne livdro- 
chloiidc was fed mixed in the ration w is depondent on the degree of de- 
ficiency of the lut The addition of 250 •> of pvridoxine hvdrof hloride per 
100 gm of lation on the 41st dav of dctieieruv for a jieiiofl of 10 dav-' re- 
stored the ability of Uie lats to cxcietc noitnal amounts of nicotime aticl 
and N'-mcthylmcotmamide when trvptophan was mge-'ted i'lie mcrca=o 
noted in the cxciclion of the nicotinic at id compounds was nmeh smaller, 
howcv'ci, when pjiKloxinc supplonients weie given to rits maintained for 
56 days on tlic v itamm B^-dofieient diet as comp ned to llie le-ults obtained 
foi animals mamtamed 41 davs on the deficient diet 

Pyndoxme, pjiidoxal, anti pviidoxamme were foimtl to be etinallv cf- 
fectiv’-e in lestoimg the ubihlv of vitamin B^-doheient lafs to convert 
lyptophan to nicotinic acid and in piomotmg gams m weight 
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TAliIh 1 

Slabdtlij and Solubility of Groulh I'aclor Found in Cow Manuro 

Potency liitict* of pfeyar iliun foil cf|uiv ilcnt to le el of acid 
ppt III puaittvc control diet unlc ^ otlicnvue noted 

Preparation »No 


Lfftet of autocIiumK nnd plf on ‘it ibilitj 

Acid ppt autoclaved 2 102 , 

hrs , pll 7 0 I I 

pll 3 0 solubles of above — 13 j ^ 

“30 ppt of above 100 i 

Acid ppt autoclaved 2 0 ( I 

lira , pll 8 5 ' ! 

pH 3 0 solubles of above 15 j 

“30 ppt of above 81 , } 

Acid ppt autoclaved 1 . — lilt i 

hr , 2 N IICl I 


Effect of (Nlli) SOi oil bolubilit> 


Half saturated (NIl 4 ) 5 SO< 101 SOi -1 3^1 

solubles 

pH 2 0 ppt of above 23 185 —113 

“2 0 solubles of above 93 — 231 

(uou-diolyzablc) 

Half saturated (NHd'.SOr 133 If -30 10-1 

ppt 

pH 3 0 ppt of above 135 


43% saturated (NH 4 ):SOr 
solubles 

43% saturated (NHr),SOr 
ppt 

33% saturated (NHr);SOr 
t solubles 

33% saturated (NHdiSOr 
ppt 


Effect of 2 per cent CaCl- on solubility 

CaCls solubles 85 69, 33 

Dialysate of above 29 

95% EtOH solubles of 29 

above 

95% EtOH ppt of above 13 

80% acetone solubles of —3, +12 

above 

80% acetone ppt of 33, 20 

above 

Ca-free solution of above 31 107|( — 29§ 


13 

42 

OO 

51 
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Table I — Continued 


Potcnc/ index* of prcparntioa fed tcr^i -alent to Ir cl oi aad 
ppt. in poiime control diet uiile:>5 otherrrvSe no ed 


Preparation No 

1 I 2 I 3 I 4 I 5 I 6 


Effect of 2 per cent CaCli on solubility — continued 


CaCOj ppt of above 


■ 

16t 

1 i 

pH 3 0 solubles of above' 


■ 

44 

i ! 

(Ca-free) 






pH 3 Oppt of above (Ca- 



1 



free) 


■ 




CaCh ppt 

50 





Dialysate of above 


D 






Solubilit3 m SO per cent acetone 


S0% acetone solubles (lat 
and 2nd fractions 

80% acetone solubles (1st 
fractionation) 
pH 3 0 solubles of above 
“30 ppt of above 
80% acetone ppt (Ist 
fractionation) 

80% acetone solubles of 
above (2nd fractiona- 
tion) 

pH 3 0 solubles of 
above 

pH 3 0 ppt of above 
S0% acetone ppt of 
above (2nd fraction 
ation) 

119 

50 

73 

i 

0 

101 

107, 95 

31 

1 82 

66, 5S 

81 

62 

35 

1 

1 

j 

i 

1 

I 

j 

i 

1 

j 

j 

Effect of papain digestion on solubilitj 

Papain digest ! 

1 9213S 

1 1 

1 

1 


pH 3 0 ppt of above 

_2 


1 

j 1 

1 , 


“30 solubles of above 

77123t 

j 535 


1 1 

1 ' 

Norit filtrate of above 

1 

1 23t 



1 1 i 

1 

MeOH solubles of 


t S7*’ 



1 i 

1 

above 


i 

! 




MeOH ppt of above 


1 43** 

1 

1 

[ 

1 

\ 

Nont eluate of above 


2St 


1 

1 

1 

I 

Ppt upon heating 

! 

1 

225 

1 525 


! 1 

above to 100’ 

1 

1 


i 


' 1 

Solution upon heating 

.1 


, 1215 

1 1005 


1 * 

abov c to 100’ 

1 

1 

1 

i 

1 

i 

! 1 














CHICK GKOWTH FACTOU VII 


61 i 


T\iui I -Conclutlui 

I’otiiitj imtct* of iifLj' If itiiiii fcti rqui ilcnl to Ic clot iciJ 
p|>' m p Milui. toiitrol tin t mill. ji other > I eiiotcd 


I’rcp ir itiun No 

I I 1 ^ 


boliil)ilil> in tthinol it (lilTcrtut pH \ iltn i 


Aininoniiic-il EtOlI iiisol- 


Itt 

1 


1 



V 

uble fraction 

Aiiimoni ical ElOll soUi 
bles 

Neutial Eton insoluble 

77 



i 

1 

i 

i 

1 

! 

i 

1 

1 


fraction 

Ammoniac‘il ElOII in 




1 


W)ff 
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soluble fraehon of 
above 
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1 

1 



1 

Ammoniucal EtOII-sol- 




- i'Jtt 

1 

1 
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1 
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uble fraction of abow 
pH 3 0 ppt of above 




ntt 


[ 

1 

1 

[ 



“30 solubles of above 




o2tt 





Neutral EtOII solubles 




hitt 

3')tt 

.52 tt 



Fraction ppt it 2'' 
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“ soluble at 2° 



11 






Acid (pH 1 0) EtOII in- 







6ltt 

h53tt 

soluble fraction 

Acid (pH 1 0) EtOII sol- 





j 


5tt 

-20ft 

ublcs 





1 





(Weight eupplcniented group — weight neg-itne control) 


X 100 


(Weight positive control*— weight negntice control) 
t Equivalent to level of acitl precipitate X 1 o 
t Equivalent to level of acid precipitate X 0 JJ 
§ Equivalent to level of acid precipitate X 2 
II Equivalent to level of acid precipitate X 1 2 
H Fed as 1 per cent of the diet 
*♦ Equivalent to level of acid precipitate X I 

tt Obtained by 1 week assay, all other figures obt lined b^ I week iss i\ 


Precl'ptlalton fi om SO Pei Cent Acetone Solution — 30 gm of acid precip- 
itate weie dissolved in 1500 ml of watoi -it pH 7 0 0 hteis of acetone 

were added, 2 liteis at a time, with shaking aftei each addition The miv 
tuie was allowed to stand ovei night and the precipitate wa^ then lemoved 
by filtering with suction The acetone solution was concentiated in a 
vacuum still at 40° It contained appio\imately 20 gm of solid raattei 
The piecipitate was dissolved in 1 liter of water and reprecipitated with 4 
hteis of acetone, added in three poitions, with shaking Tlie pioperties 
of this second piecipitate weie different fiom those of the fiist The second 
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precipitate was darker m color, settled more slowly, and could not be 
separated by filtration A portion of the supernatant liquid was removed 
by siphoning and the remamder was separated from the precipitate by 
centnfugation The second acetone solution was concentrated m the same 
manner as the first The second precipitate, after drjTng m a vacuum ov en 
at 45°, weighed 5 gm 

Digestion vnth Papain — The acid precipitate w as dissolved m water at pH 
7 0, the concentration bemg 2 gm of acid precipitate per 100 ml of solu- 
tion The solution was adjusted to pH 5 0 with HCl The shght pre- 
cipitate which formed was separated by centrifugation The solution was 
divided mto 250 ml portions, each of which was placed m a 500 ml Erlen- 
meyer flask with 25 gm of papam Toluene was added and the flasks 
were mcubated at 37° for 48 hours with penodic shakmg The contents 
of the flasks were combmed, and the undissolved enzj-me preparation was 
separated by centrifugation and twice washed by resuspendmg m water 
and centnfugmg The ongmal supernatant was filtered wuth suction to 
remove a small amount of very fine suspended matter and was then com- 
bmed with the w ashmgs A portion of the combmed solution w as acidified 
to pH 3 0, and the resultmg precipitate was remov ed by centnfugation 
The remammg solution w as divided mto tw o equal parts, one of w hich was 
stirred for 90 mmutes wnth 10 gm of nont The nont was allowed to 
settle for 5 mmutes and then removed by suction filtration The nont 
was washed once wath water and the w ashmgs combmed wath the ongmal 
filtrate The nont and filter paper were covered wath 700 ml of 10 per 
cent NH^OH and stirred for 5 hours at room temperature Tlie nont was 
separated from the eluate on a suction filter and washed wath 10 per cent 
NHiOH The combmed eluate and washmgs were boiled for 3 hours to 
remove NH3 

One portion of eluate was concentrated to a sirup and treated wath a 
large excess of absolute methanol A white precipitate formed and w la 
separated by filtration wath suction 

Extraction nith Ethanol — To 9 gm of acid precipitate m a round bottom 
flask was added 1 liter of 95 per cent ethanol The mixture was heated 
2 to 3 hours at 65-70° under a reflux condenser, and then filtered Die 
residue was washed twace with 50 ml portions of hot ethanol and then re- 
turned to the flask and refluxed wath a second, and then with i tlurd, 
1 liter portion of ethanol Tlie final residue, after drv mg, weighed 1 7 gm 
The combmed extracts were illowed to stand 3 dav» at 2° V precipitate 
formed which w is removed bj centniugation Tlie -upematmt liquid 
w IS concentr itcd midcr reduced pressure 

Extraction wath ammomaeal ethanol was aceompl'shed in mueh the 
same wav is outlined above, except that the solvent coii'isteil ul OOO ml 
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of 95 per cent ctluuiol and 100 ml of < oncentiatcd iMfiOlI Two extrac- 
tions weie made, each of 4 horns duiation The u -.idue weij^hed 5 1 gm , 
or faO pci cent of tlic oiiginul eight of the and pitcipitato 

The combined extiacts ueie concentialed (in one cihc nb 90'^ and m 
anothei at 70°) undei icdnced pieb')me to a :-nnp and then to drx'iicss on a 
steam bath 

Testing of Fiepaialions — Mo-jt of tlu testing w.is done by the method 
described by Rubin and Bud (1) However, m the latt r stages of the work, 
a shoit test was suggested by the finding tliat high lew t Is ot so\ bean meal 
mcreased the leciuiioment foi the taitoi (3) and b} the report ot Zucker 
et al (1) that weight dilTerenees weie obaeutd within 2 or 3 dajs after et- 
fectivc supplements w'oro given to young lats fed a diet high in vegetable 
protein In the short test, as m the older method, ihieks were obtained 
from hens fed a diet low’ m the caacntial factor, with the additional pre- 
caution that all hens producing eggs of high hatehabihtv when fed this 
diet were eliminated It has been shown that the progeny of such hens are 
not very susceptible to the deficiency (5) All chicks were fed the basal 
diet until 2 weeks old and then gioups of twelve birds, carefully cciualizcd 
with lespect to weight and ranging m individual weight from 05 to 00 
gm , were placed in cages m an air-conditioncd room at 25 5° and continued 
on the basal diet, except that each test group rccoiv cd as a supplement one 
of the fiactions to be tested In each cxpciimenb a negative control group 
was fed the basal diet alone and a positive control group the basal diet 
plus 0 15 per cent of the acid precipitate fraction The composition of 
the basal diet was yellow’ coin 23 0 per cent, alfalfa leaf meal 3 0, soy bean 
meal 70 0, butyl fermentation solubles (contaming 250 y of nbollav in per 
gm ) 0 6, steamed bone meal 1 5, limestone 1 0, salt (96 pci cent NaCl, 
4 per cent MnSO^ 4H;0) 0 7, and vitamins A and D feeding oil (100 
A 0 A C units of vitamin D, 2000 U S P units of \ itamin A per gm ) 
0 2 1 mg of nicotinic acid was added to each 100 gm of diet 

When the shoit test was first tiicd good results weie obtained in 1 week 
m a number of cases The results of sevcial of these tests are included in 
Table I Recently the lesponsc of clucks to elTectiv’c supplements has been 
slower, makmg it necessary to resoit to a test peiiod of 2 weeks Even 
this IS a considerable improvement over the older method, which required 
4 weelcs 


RESULTS AND DISCUSSION 

Tlie effects of the vaiious fractions upon growth of chickens are sum- 
marized m Table I To facilitate compaiison of the residts of different 
tests, all results weie expiessed as “potency indices” rather than as aveiage 
weights The method of calculatmg the potency index is indicated below 
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Table I An inde\ of 0 indicates that the growth of chicks fed the supple- 
mented diet was no better than the gro'ndh of chicks fed the basal diet 
Supplements havmg an mde\ of 100 were as effective as the ongmal acid 
precipitate m eqmvalent quantities Supplements havmg mdices above 
or below 100 were proportionately more or less effective than the ongmal 
acid precipitate, both bemg fed m eqmvalent quantities with a few ex- 
ceptions, which are noted m Table I 

As reported previously (1), the growth factor was stable to autoclavmg 
at neutral pH It was destroyed by autoclavmg with 2 N HCl It nas 
not destroyed by autoclavmg 2 hours at a pH of 8 5, smce that portion of 
the solution which was acidified to pH 3 0 after autoclavmg yielded a potent 
precipitate The remamder of the solution was added to the diet without 
adjustmg the pH, smce the pH had decreased from 8 5 to 7 6 durmg auto- 
clavmg The activity disappeared from this part of the solution, pre- 
sumably after nuxmg with the diet or while it was held at pH 7 6 before 
mixmg The active factor was still precipitated at pH 3 0 after auto- 
clavmg at pH 8 5 or 7 0 

Precipitation of mert material by half saturation with (NH4)jS04 proved 
to be an imsatisfactory procedure because the results were not readily re- 
producible The first three times it i\as tned the greater part of the 
potency was m the soluble fraction, but m later expenments most of the 
active material, and m one case all of it, was precipitated Precipitation 
at 43 or 33 per cent saturation with (NH4):SO< did not offer any greater 
promise The active material as it occurred m the (NH»):S04 solubles ^^as 
not precipitated at acid pH (Preparation 3), as it occurred m the redis- 
solvcd (NH,)2S04 precipitate, it was precipitated bj acid (Preparation 6) 
It seems likely that the factor was associated with protein m the (NH4):S04 
precipitate, but that it was free of such association m the solubles The 
factor in its (NH4):S04-soluble, acid-solublc state was apparently non- 
dialyzable (Preparation 3) 

Like the (NHi)iS04 procedure, precipitation with 2 per cent CaCl; re- 
moved much mert matenal, while leaMug a considerable portion of the 
actne factor m solution Howeier, removal of the calcium as CaCOj 
rcmo\ ed i iiy ing quantities of the actmtj , and in Preparation 5 the cal- 
cium-free solubles were de%oid of actiiity Tlie actne factor m the CiCl; 
solubles asm the (NH4);S04 solubles was not precipitated at acid pH 

Wien itetone to the extent of SO per cent concentration was added to 
solutions of the growth fictor, actnity was dmded between the solution 
and the precipitate, but if the precipitate was rcdissoh ed and rcprccip- 
itatcd, the second precipit ite contained little of the factor, moat of it 
being m the two soluble inctions The factor os it occurre-d m SO per 
cent acetone w is p irtiol^ soluble and partialh prccipitable at pH 3 0 
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Mtci digestion of tlic iiiul pienpit’ite \\ith p.ip.iin the iaetor was not 
piccipitablc at pll 3 0 Tliii (onliinis the -.uppO'.ition st ited above that 
piccipilatum of the fat toi by .u'lil w the u-iiilt ol jw-oci ition with protein 
A piccipitato containing lelatncb I'ttlc of the lac loi torimd in tlio 'loliible 
fiaction at pll 3 0 wlien tins was neiiti ili/ecl and licated to boiling 'Ihis 
piccipitato isbcluwcd to h i\e bi'cn dc ii\td largeh lioin the papain prepara 
tion The factoi incscnt in the papain digc st apparentlv was iiu oniplcteh 
adbOibcd by noiil, ind that which was .ulsoibcd w is iniomiilctcl} eluted 
by 10 pel cent NHiOII In \icu ot the dcstriution of the factor alter 
autoclaving at pll 8 1, it is abo po-.sil)lc th it some potciua nia> have been 
lost fiom the clu.ite is it w.is boiled to iemo\i* Xlfj This w is done at 
atmosphciic picssuie 

The factoi w'Usieadil^ c\tru ted fiom the acid piicii)it''te animoniacal 
ethanol but not by neutial oi acid ethanol Vitca e\traiting with neutral 
ethanol at bo-70° to iemo\e some ineit m 'tiTi il, the icsidue did not jield 
its content of the factoi as le ulih to ammom ic il cth mol is did the original 
piccipitate The icsults obt lined with Iheiiaritiou 1 aie similai to those 
obtained aftei autoclax mg at jiII S o, in th it the ammom le il ethanol e\ 
tiact was inactixc when fed as such but showed acti\it> in both fractions 
when it was adjusted to pll 3 0 and sep ii itid into the punipitate and the 
solution These icsults suggest tuithei iiucbtigation of the labilitj ot the 
active matcual in wcaklj alkaline solutions and cspecrillj duiing the drv- 
mg of such solutions 

The pieviously icpoitcd piccipitation of the actixe mateiial at pH 30 
was undoubtedly due to the picsence of piotem, since digestion with papam 
left the factoi no longei piccipitable at this pH The precipitation of 
the factoi x\ith piotcm at pII 3 0 was piobably due to occlusion or copre- 
cipitation lathei than to chemical combination of the I ictoi with the pro- 
tein molecule, because in 2 pei cent CiCl; solution and m sexcral cases m 
half satuiated (NbH) 2 SOi solution the piotcm piccipit ited and lett the active 
factor in solution in a foini no longei piccipitable at pH 3 0 

McGinnis el al (b) lepoited that an cth uiol-soluble fiaction of liver 
contained a factoi essential to the giovvth ot chickens led a basal diet 
similar to the diets used in these studies This factor was dialyzable, 
soluble in vvatei at pH 3 0, and not adsoibcd b> activated charcoal at pH 
values from 2 0 to 5 0 The piopeitics lepoited by McGinnis and those 
repoited m this papei aie m good agi cement except foi the icsults of 
dialysis expeiiments, and since these wcie piobably earned out under dif- 
ferent conditions and ceitainly with dilleient piepaiations they would not 
exclude the possibility that a single factoi was mvolxed in both studies 
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SUinLiR-i 

The essential dietary factor for chickens previously reported to be present 
m concentrates prepared from cow manure iias soluble in isater at pH 3 0 
if the protem was pretnously remoied b}" digestion mth papain, or by pre- 
cipitation from half saturated (NBh)2304 solution or 2 per cent CaCU 
solution The factor was soluble in 80 per cent acetone It was extracted 
from the crude acid precipitate contaimng protein and other inert matenal, 
to a slight extent by neutral ethanol, and completely bj’- ammomacal 
ethanol It was stable when autoclaied 2 hours at neutral pH but readily 
destroyed by autoclaving 1 hour with 2 v acid There was some endence 
of destruction of the factor when it was allowed to stand in slightlj alka- 
line solutions or when such solutions were dned 
A method of a^aying preparations for their content of the factor bj a 
growth test of 1 or 2 weeks duration was developed 
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THE HYALTJHONIDASE INHIBITOR OF HIBIAN BLOOD 
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The disappearance of the “spreading factor” from the blood stream after 
mtravenous mjection was demonstrated by Dnran-Reynals He suggested 
the presence of a substance m blood which destroys the “spreading factor” 
(1) Hobby el al (2) foimd evidence of the inhibition of hjaluromdase 
prepared from Closlridium icelchii and certain strains of streptococci by 
normal human and rabbit serum This effect •was ascnbed to salt forma- 
tion between albumm and hyaluromc acid 
McClean (3) reported that hyaluronidases prepared from bull, rabbit, 
and mouse testes were inhibited by gmnea pig, rabbit, sheep, horse, mouse, 
and human serum Hepann, chondroitm sulfate, and gastnc mucm w ere 
found to be mhibitory, while Shiga-IGiise polysacchande and blood group 
A hapten were without activity The inhibitor in blood w as not considered 
identical with any of these substances, since chemical properties mdicated 
that it was pseudoglobulin m nature 
A recent senes of papers by Haas (4-6) has reMV ed mterest m the nature 
of the hyaluromdase inhibitor m blood On the basis of reaction rates and 
effects of temperature changes it was concluded that the substance m 
blood 13 an enzyme and the name “antm\asm I” was suggested Compan- 
son of the relative activity of blood sera from different species on different 
hyaluromdases led to the conclusion that there exists a complex system 
consistmg of at least two different antimasiiis and a substance accompanj- 
ing hyaluromdase which was named “promvasin ” Haas suggests that 
this complex system is responsible for defense agamst bactenal m\ a^ion 
This w ork w as done w ith crude hj aluronidases and no account w as taken 
of the possible effects of contaminating enzjmes 
In a prehmmarj report (7) from this laboratorj eiadence wa:^ presented 
casting doubt on the enzjmc nature of the subatance in blood which in- 
terferes wath hjaluromdase actuaty Afore reccntlj Ilcchlcr (S) haa 
studied the effect of serum on the spreading acti\ lU oi hj aluronidase 
and found eiidence of inhibition He quotes unpublished work b^ Hi- 
didun and Pine as proeang tliat the serum f ictor acts as an inhibitor rather 
than an cnzjanc 

* Present addre^, Dcpariirent of Pediatrics, LnuersUj of Caicago 
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Looluud and Kui/iuk liavn shown that -^oaiin aho inhibits tho di-jpuiail 
by hyaUuonidubO of fulh(.lo colls sunoundinp; tin <»\um ('!) 

The olTecth chsdisstd above aio all pic^ntiiibh duo to a ph>>ioli)giciil 
bubstamc in blood ‘'Cuiiu ''J’his should bi disiuiguishi d »ioiu the spccifu, 
intibodicb foi individual h> duionuhist s w'hu h havi been lopoitodly 
demoubtiatod (10-13) 

It lb the pmiiObC of this lepoit lo i)iOb<'nt ovidinio show ini' that the 
behavioi of the bubstanee m blood h ineonsatorit with thi thosis tint it a 
an emyme A lelatuely biinple method h h bi ui di \isul tor the Cbtinn 
tion of tins biibbt inee and boine bineoss his bi en ulmvid m its puniiea_ 
tion iVll studiOb have been eoneouutl only with inhibition ol bovm^ 
hyalin onidubc by human beium 


Method'^ 

The viscobity method ot Madmiveitia and (>uibell (11) was u=cd as 
modified by Haas (1) Due to the tedmUb intuie ot thn method it woa 
used only foi compaiative puiposOb mil w is finally al) uuloned m t ivorof i 
simple! tiubidit}' method .Matenalb used woiu piepaicil as jireviousl) 
descubed (15) 

Befoic examining iCbultb obtamcil by the vibcobity method it is nceca- 
saiy to cousidci the method ol eileulation of letivitv It the tunc re- 
quiied to leaeh a half lediietion ol vibtosity ot i given amount of hvalu- 
ronic acid m the picscnee of hy aluiomd iso (h ih lilo time) is tailed Ro, the 
activity of hyaluiomdase m ly' be expie'sbed as the leeipioeal of the 
half life time (l/i?o) If the sanic amount ot liy aluronul ibC is mixed with a 
given amount of scium, a new half life tunc n obtained which mu' be 
designated as R The aetiv ity of hyMlmonulabO lemiunmg aftei the action 
of seium can be expicssed then as \/R anti the amount of hyaluromdase 
that IS destioyed (oi inhibited) is l/Ro — l/R II ns has Usetl this method 
of computation in some expeiimcnts but m otherb he hab UbCtl the exprcb- 
sion {R — Ro)/Ro The deuvation viud meaning of this expiCbSion are not 
given It is not equal to the picvious cxpiCbSion (l//?o — 1/12) and has 
no meaning when methods of hyaluiomdase assay not involving the half 
life time are used Using the method as descubed by Haas, we h ive been 
unable to find any lineai lelationship between activity and amount of 
serum If, howevei, activity is expiessed in teims of amount ot hymluiom- 
dase activity destioyed (l//2o — l/R), Imeaiity is obtained Under 
these conditions the lesults obtained by the tuibichty method do not 
differ significantly fiom those by the viscosity method 

The turbidity method used is essentially that described in a previous 
publication from this laboiatoiy (15) A standaid curve foi hyaluromdase 
IS run daily to check on leagents and methods It has been previously 
pomted out that the activity of hyaluromdase vanes with different prepa- 
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rations of hyaluronic acid In order to obvuate this difScultj ne ha\e 
defined our unit in terms of the activitj’’ of a gii en amount of a standard 
hyaluronidase preparation No evidence of change has been found in 10 
months storage m the dry state at —20° 

To determme inhi bitor m serum the follow mg method is used Standard 
enzyme is diluted m 0 1 ii borate bufifer at pH 7 4 so as to contain 24 
umts per ml 0 5 ml of this solution la mixed w ith 0 5 ml of diluted serum 
(serum is diluted with 0 15 m NaCl to appropnate concentration, depend- 
ing on activity) and the mex-turc is mcubated for 10 mmutca at 24° At 
the end of this time the mixture is brought to 3S° and 1 ml of hj aluromc 
acid made up m 0 3 m phosphate buffer at pH 5 5 is added This mixture 
is mcubated at 38° for 45 mmutes, after which time the turbiditj is de- 


Tabie I 

Com-panson of Acliiily of Sera As Determined by Viscosity and Turbidity Methods 


Sample No 

\ tscosit> 

Tiitbidit> uaiUpcrml 


I R-R, , 

1 per al 

1 ^ 

1 

so 

1 16 

S3 

2 

5S 

I 19 

56 

3 

51 

20 

51 

4 

43 

i 11 

35 

0 

32 

, <■ 

32 

G 

92 

1 64 

72 


\eloped and read as previouslj described Turbiditj de\ eloped due to the 
addition of the serum is corrected for by a blank containing all reagenta 
except hj aluronidase The actuitj of scrum is determined in temia of 
amount of enzjTne which has been inlubited 1 unit of inhibitor la tlui 
amount which wall mhibit 1 unit of hjaluroiiidasc Reaulta arc exprca^ed 
in terms of units of inhibitor per ml of serum Table I show a the resulta 
of assay of six sera b} both the xiacositj and turbiditj method' With 
the methods as outlined aboee the results obtained are comp irable to tlio-e 
obtained bj the Mscositj method, procidcd c ilcuhtions arc made bj the 
formula l/Ra — l/R If the formula (R — Ro)/R<i la u-cd, thia la nut 
true It will bo noted that not onlx do the ibsolute coluca differ but tl c 
rclatnc \ allies on different sera do not agree 

Since good agreement between the turbiditc and \iiCO'ii\ incthcHia 
was obt lined, the turbidit\ mclhcKl was used m the remaining a’udica 
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linearly with beium conceiilialion (4) In thn i.imi at iivit> was cxpresoul 
as a function of Iiyaluionulabo dcitioyttl Sinnl ir c^pcrnncnts by the 
tuibidity method have confnmcd thi-> iindiiif; '1 he mults oi siith an c\ 
peiJinent aie bhow'ii in Fig 1 TJio cm \e "lioun i'> (hi t alitilattd rcgrc^'iioii 
line by the method of Fishei (16) liom tlu ol)-ei\cd points up to and in- 
cluding 0 Oo ml of SCI urn It is olnious th it ibove this point the cuiae 
show's llattening Foi this leason, \ ilut s weie 'iiteptcd as \’uhd onl> it 
destruction did not exceed 1 units (m the [in -^tnet ot 0 iiiiits) of h^aiuroni 
dase If the 'iniount of en/^'ine mhibitid tails bilow 2 units, the intrinsic 
eiior of the tuibidity method beconus \ti} I iige This is illustrated b} 
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Fig 1 Relationship of hy iluromdase inhibitor activity to serum toiaentration 


the following example If 0 units ot hyaluiomdase aie added and 1 umt 
IS inhibited by a given amount of seium, o units will remain In a pre- 
vious publication it has been show'll that at this le\ el the coefficient of \ari- 
ation in the tuibiditj' deteimination is about 5 pei cent, thus the value of 
5 units may be consideied as 5 ± 0 25 Since the inhibitor xalue is ob- 
tained by diffeience fiom 6, its value will be 1 0 ± 0 25 unit, thus the eiror 
in the mhibitoi becomes ±25 pei cent, although the actual experunental 
eiioi in the deteimination is only ±5 pei cent By this same type of 
calculation it can be sho^vn that with between 2 and 1 imits of inhibitor the 
coefficient of variation should vaiy betw'een 5 and 20 pei cent In a senes 
of 300 determinations done under these conditions the coefficient of vari- 
ation was found to be erapiiically ±14 per cent 
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Effect of Hyaluronzdase Concentralion on Activity of Serum — It has pre- 
viously been claimed that the activity of serum is directlj proportional to 
hyaluronidase concentration (4) This is to be expected w hether the sub- 
stance m serum is an inhibitor or an enzjTne, provnded the amount of 
hj-aluromdase is low If the concentration of h\ aluromdase is m excess of 

Txble II 

Effect of Hyaluronidase Concentration on Activity of Serum 

» I 

Hyaluronidase present, units 6 0 8 0 I 10 0 

“ inactivated, units 3 1 3 2 j 3 1 



I 2 3 4 5 6 7 8 

TIME IN MINUTES 

Tig 2 Rate of reaction between serum and hj aluromdase 


that required for ma.\imum actmtj, the acti\it> of the serum should be- 
come mdepenclent of hy aluromdase concentr ition That thia is so is -ho vn 
by the data m Table II 

Effect of Time on Reaction bdiccai Hyaluromda^e and Scrum — Tlie next 
group of expenments ivas performed in order to determine the effect ul turc 
on the ictmty of blood -crura This is one of the tntena upon xh vh 
H-uis has concludeil tint the substance in qucsuon is an cnz..me lie 
results of such an c-xpenmont are showm m Iig 2 It a ill Le notcal tiiat the 






G2G 


in \LUU0Mi)v^i. LMinuiou OP iir<oor> 


leaction n iippiuontly coniplctp m o inuuitis, {!(>-~pttt‘ the tliut only 
50 pel cent of llu' hy.ihuoiiKl.i^p jiioMiit lia-^ Gcea uiliiiiittcl Whdi Hiuu,' 
tluU (f) aie K’liilculati'tl l)\ tin* toimula (I ' lia — I /t'), lin are toiiml 

to iigioc \\oll with tho-^c in log 2 

The tiiulings m this o\peuini‘iiL mo uk omntc lU w ith the ii'-^umptioa tli it 
the bubbtaiK'o m (|uostion n an i n/,j me 

Ei)ed of Tcmpeniltoi on [itinli/ of Siniin 'I’lu in \,t oxptiinionts were 
pciloimcd to study tho olTci t ot toiniiouiluio on tin into ot it'iction be 
tw^en scium and l)o\ mo tostnular In.iluionid.i-'C 'I’aiilc HI ilhntiate^ 
the iCbiilts ot a gioup of bUih o\p(U[n(.nts 'I’ho boiuni and tiiAino were 
mi\cd and kcjit at tlio nuhoati<l t( mpoiatuio Vtti r 10 nunutti luahironic 
acid di^bohcd in 0 3 m phobpluiti hulToi wib addod ind the nmtuio brought 
to 38° foi tho di'toiinination of Ihi* unimning In dinonidu'-o It will be 
noted that highoi aitnih wa^. < omnti nth ohtamod at lowoi tempiraturts 


Taui r HI 

Ejjccl of Ttmiitraiiiri on Ihitrlton of tStnim and lf',al ironiditu 


Sample No 

;• 

It St 

Cnili per ml «cfu n 


1 

70 

70 

00 

17 

2 

100 

100 

71 

51 

3 

01 

1 OJ 

70 

IS 


With some puulicd picpaiatioiib (piepuied .leiouhng to the method of 
Hahn (17)) no diffeicme between difTeiont tempoiatine-> wo^ obtained 
The activities at thcbC tempeiatuiob aie* at \ananu with those pie- 
viously lepoited (1) and aie again ineonsibtont with tho absumptioii that 
the active substance m blood is an eiuyme 
The deciease m activity at highei tempeiaturu'. might be due to the 
piesence of contaminating enzj’-mcs in the hyahnonuKne preparations, 
yvhich destioy the inhibitoiy substance m seium I hat this is tiue is 
suggested by the fact that no change with tcmpoiatuie was obtained with 
some puiificd prepaiations 

Such contaminating enzymes maj-- be icsponsible tor the elTeets described 
by Haas as due to piomvasms It seems unnccc''saiy to postulate a com- 
plex scheme for the explanation of these effects 

Effect of pH and Salt Concenlrahon on Actwilij of Sei um — Studies on the 
effect of pH and salt concenti ation on the leactiou between seuim and 
hyaluronidase w'eie made difficult by the high buffei capacity of serum 
Maiked inhibition of activity was found at an ionic sticngth above 0 2, 
while if the ionic strength wms below 0 1, difficulty was encounteied m 
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inamtaming a constant pH with, different amounts of serum If a 0 1 ii 
borate buffer at pH 7 4 was used, this difficulty was circum\ented 
Table IV shows the raiiation m senim actmty with aanation of pH at 
constant lomc strength (a == 0 12) In genei d these lesults confirm those 
pieviously leported 

The mhibition of the reaction by phosphate and sulfate ions has been 
confirmed The effect of sulfate is of practical importance, since the pur- 
ification of hyaluronidase usuallj involves ammonium sulfate purification 
Care must be taken to remove sulfates completely prioi to use of hjaluroni- 
dase for determination of inhibition by serum 

Tcble IV 


Effect of pH on icttctty of Serum 


Senua ]So 

pH 5 8 

i pH 6 6 { 

pH 7 6 

pHsa 

i 

ITotts ptr xqI 

s^rum 



1 

0 

1 53 1 

58 

SO 

2 

0 

! ^ j 

46 

40 


Tcble V 

Variation of Serum Hyalurontdoie Inhibitor with Age and Sex 
The results are expressed m units per ml 


1 Malts 

1 Females 

Vgc \rs 

0-15 ' 

' 16-30 1 

31-b 


1 

16-30 , 

1 31-L> 

\o of utduiUuals. 

> 

32 

B 

^ 7 

10 1 

1 13 

* '* dctcrtniaations 

1 ” ' 

i 33 

li 

12 

J 

25 

2(S 

Mean 

i 126 7 

j 85 1 I 

S9 1 

1 149 4 

112 4 1 

! 117 0 

Standard deviation 

j 39 8 

1 34 6 j 

35 4 

j 53 6 

42 G j 

t 32 S 

1 


Chemical Properl icii 

Slabdihj — .Vs preioously pointed out, the substance m blood which in- 
hibits hj aluronidase is quite unstable At 50° the actuitj is conipletelj 
destro} ed m 10 minutes at pH 7 4 E\ en at 4° at this pH there is about 
25 per cent destruction in 4S hours borne tariation has been iound in 
different sera, thus making it difficult to draw fin il conclusions as to the 
stability at lower temperatures 

^Vll sera tested were stable at —20°, some haiing been kept for as long 
as 0 months with no detectable Io^s of actn itj 

Purification — ^The inhibitor is apparentlj of large molecular weight, 
since it docs not dialyze It can be scparited from serum by Method 0 of 
Colm cl al (IS) and the actn it> can be quantitatu eh recovered m Frac- 
tions II and III 
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All of the activity is found in the plasma No dilTcience between the 
activity of seiutn and plasma lias been found 

Dish ibulioii in Nonnat Human Serum 

Nothuig IS known icgaiding the distiibution of this substance m normal 
01 pathological states Table V gives the lesults fiorn a number of normal 
individuals divided by age and se\ By Tishei ’s I test it is found that males 
of repioductive age (15 to 15) have a signiheantly lowei range than any 
othei gioup studied An insufhcicnt nunibei of female children or females 
ovei 45 yeais have so fui been studied from winch to di.uv definite con 
elusions icgaiding these gioups The wide vaiiations within the normal 
gioup lemain to be explained Piehmmaiy e\idence indieates that the 
inhibitoi level in the sciiiin ot males is inversely related to the hyaluronidase 
concentiation of semen 


DISCUSSION 

Theie seems to be little question that there exists in the blood of a number 
of species of animals an inhibitoi of the enzyme hyaluronidase This sub- 
stance IS appaicntly quite distinct from specific antibodies to particular 
hyaluronidases The question of specificity of the inhibitoi foi particular 
hyalmonidases remains for futuie uoilc, since a final ansuei can only be 
obtained when pure hyalmonidases aie available The w’oik reported here 
has been concerned only with the icaction between bovine testicular 
hyalin omdase and human seium 

The evidence piesented in this paper lends no support to the thesis that 
the substance in blood is an enzyme The findings aie consistent with the 
idea that this substance is an inhibitor McClean (3) has shown that a 
number of polysacchaudes act as inhibitors of hyaluronidase, and the 
suggestion has been made that tins substance in blood is a competitive 
inhibitor (8) Since present evidence indicates that the inhibitor m blood is 
piotein m natuie, it is unlikely that any of the carbohydiates used by 
McCIean aie lesponsible for the inhibition in seium It is possible, how- 
ever, that it may have a polysacchaiide pi esthetic gioup which permits it 
to act as a competitive inhibitoi 

The significance of vaiiations in distiibution of this substance remams 
to be determined The lelationships to sex and age togethei wnth the 
knoivn lole of hyaluronidase in fertilization suggest that this enzyme sys- 
tem IS probably under endocime control Elucidation of these mechanisms 
may serve to fuither our understanding of the mechanism of action of 
certam hormones 
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SUiQIARY 

1 A Simple and rapid method has been devised for the estimation of 
hyaluromdase inhibitor m human blood 

2 Kmetic studies on the inhibition of hyaluromdase of bovme testes m- 
dicate that this substance is an inhibitor rather than an enzyme, as pre%n- 
ously claimed 

3 Chemical studies suggest that this substance is protem m nature 

4 Studies of blood levels m normal mdividuals show a lower lei el m 
males of reproductive age than in other groups studied 
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THE \TTA?vIIN A CONTEXT OF FETAL RATS FROil 
MOTHERS ON A HIGH CHOLESTEROL DIET* 
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(From the Harvard Medical School and the Massachusetts Eye and Ear 
Infirmary, Boston) 

(Received for publication, March 25, 1948) 

The concentration of vitamin A in fetal liver and plasma has been re- 
ported to be considerably lower than that found m maternal liver and 
plasma (1-5) Although various factors may contribute to this maternal- 
fetal difference, a placental mechanism which limits the movement of 
vitamin A to the fetus seems to be involved Lund and Ivimble (4) have 
suggested that the passage of vitamin A to the fetus ma}’- be related to, or 
limited by, the lipide metabohsm of the placenta More recently, it has 
been shown that the lipide concentration in the placenta influences the 
movement of maternal nutrients to the fetus (6) 

It seemed possible, therefore, that an alteration m the lipide metabohsm 
of the placenta might affect the transplacental mo4 ement of 4 itamin A 
For this reason, the role of lipides m the placental transmission of vitamin 
A was studied, with the techmque by which Popjak (6) had shoira that 
the feeding of a high cholesterol diet wall cause a large deposition of choles- 
terol esters and some excess of neutial fat over normal in the placenta In 
the present expeiiments, an attempt was made to determine the effect of a 
high concentration of hpide m the placenta on the mo\ ement of vitamin A 
from the mother to the fetus ‘ 


EXPERIMENTAL 

In ordei to maintain the control and experimental animals at approxi- 
mately the same level of vitamin A nutrition, veanling female rats, to be 
used eventually as maternal ammals, were kept on a ntamin k-free diet 
until the growth curve began to level off From this time onward, small 

* This work was supported bj a grant from the Foundation for \ ision for the stud> 
of Retrolental Fibroplasia 

* The question of the transport of vitamin V across the placenta became of intertot 
to us in connection w ith the study of congemtal e\ e lesions It has been show n that 
pregnant ammals, severelj deficient in vitamin A, will produce fetuacs with mal- 
formations of the eye which resemble the fibroplasia found behind the lenses of some 
premature infants (7-9) However, the deficiency required in the experimental 
ammals is so severe that the fetuses are usually resorbed and only rarely bom alive 
(7, 8) If the placental permeability could be depressed, the fetuses might be cs 
scntially deprived of vitamin A, while the niatcrual ammals would still contain 
enough vitamin A to complete gestation successfully 
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oial supplements of vitamin A were given until the animuls i cached a 
weight of about 200 gm , they ueie then biecl The vitamin A supple- 
ments M'ere continued until the end of the e\peiiinent 

In Expeiiment I, the vitamin A supplements were begun about 0 weeks 
befoie bleeding A total of 325 lu of vitamin A was given m 03 days 
2 days befoie mating, these lats weie divided into two gioups The 
contiol gioup was continued on the basal diet, the evpenmental animals 
weie fed a 2 5 pei cent cholcsteiol diet, piepaied by substituting repreci- 
pitated cholesteiol (G) toi an equal weight ot suciose m the basal diet 
In Expeiiment II, the same pioceduie was followed, except that a total of 
95 1 u of Mtamin A was given m 50 days, and the lats weie divided into a 
contiol gioup and one ieccivmg5pei cent cholesterol befoie bleeding 
Anothei expeiiment was attempted m which the maternal lats were fed 
an 8 pel cent cholesteiol diet The animals on this diet lesorbed their 
fetuses wdien gestation was about half completed 

The basal diet consisted of 08 gm of siiciosc, 18 gm of vitarain-test 
casein (Smaco), 10 gm of coin oil, 1 gm of salt mixture (10), 0 8 mg of 
thiamine, 0 8 mg of iiboflavin, 0 8 mg of pyndoxme, 1 0 mg of calcium 
pantothenate, 10 mg of mcotmamidc, and 10 rag of inoaitol In addition, 
all the animals icceived a w'eeldy supplement of 50 lu of vitamin Dj, 
1 2 mg of a-tocopheiol, and 7 5 7 of 2-raethydnaphthoquinone 

Shoitly befoie the completion of gestation, blood samples were taken 
fiom the mateinal lats by heart punctuie They were then killed and the 
fetuses lemoved fiom the uterus Maternal hvei samples weie also taken 
All the tissue samples, and the plasma obtained, were frozen at once and 
kept in the ice box (—4°) until they weie analyzed for then vitamin A con- 
tent (usually 1 to 3 weelcs) In Expeiiment I, two litteis were obtained 
within 2 hours after birth In no instance was milk found in the stomachs 
of the young 

The plasma vitamin A wms detei mined by the spectrophotometric 
micromethod of Bessey et al (11) The whole fetuses, the Iner samples, 
and a numbei of placentae weie analyzed foi then Mtamin A content by 
the method previously used (12) The tissue samples weie digested in 
5 to 10 volumes of alcholic potassium hydi oxide (3 5 n in 60 per cent 
ethanol) on a hot watei bath for 30 minutes, and then extracted wth a 
1 1 mixture of xylene and kei osene The absoi ption of the vitamin A m 
the extract was measured in a Beckman specti ophotometei , befoie and 
after ultraviolet irradiation, and compared ivith a standard curve of the 
absorption of Imown amounts of crystalline vitamin A alchohol, similaily 
treated 

The placental fat was detei mined from an ether extraction of an acidified, 
alkaline hydi olysate of the tissue Although only the fatty acids and the 
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non-saponifiable fractions of the total fat are measured by this procedure, 
it IS adequate for comparative purposes 

RESULTS VXD DISCUSSIOX 

The ether-extractable lipide fraction from the hydrolyzed placental 
tissue showed markedly divergent values for the control and the cholesterol- 

Tvble I 

Distribulion of Vilamtn A tn Maternal Rats 



1 2 S 4 5 

FETAL KEtCHT — GJS 

Fig 1 The effect of feeding a 2 5 per cent cholesterol diet to maternal rata on the 
Mtanun \ content of the fetal liters Each point represents the average rejults 
from one litter O control letal hvera, • ev'pcrimental fetal livers 

fed rats The control placentae contained an a\ erage of 1 So per cent of 
ether-extractable material, while the placentae from the experimental 
rats contained 4 53 per cent on the baaia of fre-jh tissue 
The distribution of vntamin A in the maternal ammah is sho ra m Table 
I It can be seen that the control and the corresponding ex^ierimental 
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mateinal animals contained appi oximatcly the ‘^amc amount of vitamin 
A Piesumably, both gioups in each oN-peiimcnt could supply their 
fetuses with about the same amount of \ itamin A, and theicfoie the diffei- 
ences m the vitamin A content of the fetuses can be atti ibuted to a differ- 
ence in vitamin A tiansmission thiough the placentae 



Fig 2 The effect of feeding a 5 per cent cholesteiol diet to ni item il rats on the 
' vitamin A content of the fetuses A fetuses from mothers on i normal stock diet, 0 
fetuses from control rats, and o eapcnmental fetuses Tho piiiits on the graph 
hown with a 1 have been computed from tho analyses of fet il livers 

In E\peiiment I, the contiol fetal liveis contained about 50 pei cent 
moie vitamin A pei gm than was found m the h\eis of the fetuses from 
the cholesteiol-fed motheis The vitamin A content of the fetal livers 
as a function of fetal weight is piesented in Fig I A comparison of the 
lesults indicates that vitamin A accumulates moie lapidly m the contiol 
fetal hveis 

Fig 2 shoMS the lesults of the analyses of whole fetuses obtained m 
Evpeiiment II Foi corapauson, the vitamin A content of whole fetuses 
from mothers who weie kept on a noimal stock diet is included The 
fetuses from the cholesterol-fed motheis contained significantly less vitamin 




JI B •VVTLLIAilSON 


635 


A than those from, the control mothers Four of the values plotted m 
Fig 2 A\ere computed from the analyses of fetal h\ers 
Okey (13, 14) has indicated that large amounts of fat and cholesterol 
are deposited in the hvers of cholesterol-fed gmnea pigs The h\ers of 
the cholesterol-fed maternal rats m our experiments shoised the tjrpical 
light color associated mth fatty deposits in the hver The control maternal 
hvers appeared to be normal There was no grossly observ able difference 
in the fetal livers from the control or experimental animals 
Because of the low \itamm A content, and the small amount of tissue 
available, the results of the xutamm A analyses of the placentae w ere not 
considered highly rehable Howeier, there was no appreciable difference 
in the range of values for the control and the expenmental placentae 
The preceding data demonstrate that an inxerse lelationship exists 
hetw'een the hpide content of the placenta and the mo\ ement of \ntamm 
A across it It has been reported that ntamin A in the plasma does not 
behave as if it were either in a colloidal state or dissoh ed m a fatty solute, 
but seems to be associated with some plasma protein m a “carriei complex” 
(15, 16) The excess placental hpide may then depress the transplacental 
mo\ ement of vitamin A either by blocking a mechanism for sphtting the 
“carrier complex” or by decreasing the already low permeabihty of the 
placenta to large molecules 

I wash to express my thanks to Miss Lionel Appel for technical assistance 
in the prosecution of this study 


suiULxnx 

1 Two groups of female rats were brought to approximately the same 
nutritional le% el with respect to ^ itamm A The control group w as fed a 
basal diet, the other lats were fed the same diet with either 2 5 per cent or 
5 per cent of cholesterol added The animals were mated Shortly before 
parturition, the maternal animals were killed and \atamin A was deter- 
mined m the fetuses, fetal luers, and maternal Iners and plasma 

2 The placentae of the cholesterol-fed mothers were found to contain 
about twice as much hpide as those from eontrol mothers 

3 1 he w hole fetuses and the letal In ers from the cholesterol-fed mothers 
contained sigmficantly less \itamin A than those from the contiol mothers 
It IS concluded that the fatty placentae inhibit the mot ement of vitanam 
k from the maternal circulation to the fetus 
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THE UTILIZATION OF b-TYEOSINE FOR GROWTH IX 

THE RAT* 

Bt EDWARD C BUBL and JOSEPH S BUTTS 

{From the Biochemical Ldboralory of the Department of Chemistry, Oregon 
State College, Corvallis) 

(Received for publication, February 16, 1948) 

The conversion of phen)’-lalanine to tyrosine in the animal bodj has been 
established by the growth ex-penments of Womack and Rose (1) and the 
isotopic studies of iMoss and Schoenheuner (2) Hoi\et er, the re\ ersibility 
of this reaction probably does not occur 

Tyrosme, usually considered as a non-essential ammo acid for the growth 
of the white rat, has been shown by Womack and Rose (3) to be able to 
replace about one-half of the phenylalanme reqmrement of the growmg 
rat This mdicates that phenylalanine may be converted to meet certam 
demands of the organism for tyrosme, smce this requirement can be met 
equally well by either phenylalanine or tyrosme 
Both enantiomorphs of the ammo acid can be utilized for growth m the 
rat in the case of tryptophan (4), phenylalanme (5), methiomne (6), and 
histidine (7), while the unnatural isomer fails to show growth responses m 
the case of vahne, leucme, isoleucme (8), threomne (9), and lysme (10) 
Smce tyrosme is non-essential m the presence of suflacient phenylalanme, 
the growth effect of n-tyrosme has never been established The 
observations of Womack and Rose (3) now make it possible to determine the 
availability of D-t3T:osine for growth m the rat 

Usmg human subjects, Albanese, Irby, and Lem (11), employing an ex- 
cretion techmque, leport that sufficient tyrosme and ahphatic oiganic aculs 
arc found m the unne, following the inge-tion of 0 01 mole of DL-tyrosine, 
to account for nearly all of the n isomer in the racemic mix-ture Hie con- 
clusion drawn from the data is that the n isomer is poorly or totally un- 
available for normal physiological fimctions in man This is further sub- 
stantiated by the very sliglit excretion of tyrosine ind organic acids when 
0 01 mole of L-tyrosme is fed However, there is no direct evidence 

• TLl data m this paper are taken from a thesis presented by Edward C Bubl to 
the Faculty of the Graduate School of Oregon state Colltoe in partial lulfilment of 
the degree of Doctor of Philosophy 

Published with the approv il of the Monographs Publication Committee, Oregon 
State College Research paper No 122, School of Seicnce.Departn ent of Chemistry 
We arc indebted to Merck and Company , Inc , Rahway , N'eiv Jersey for a generous 
supply of the ammo acids used in this study 
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D-TYUOHINI. IN rrUO\VTH 


piesentecl which would identify the uiiiuu-y tyio'3ine iw coming from the 
D component 

The following study was undei taken to deteuninc tiie giowth lesponses 
to D-tyiosme when fed to lats in an ammo acid mi\tino with siiboptimal 
amounts of phenylalanine 


T.VUI.U [ 

Coinposilion of /Imoio Icici Mixture 


( 

1 


Glyciue i 

0 l 

Vl.imno 

0 7* 

Senno 

0 2* 

Vahno 1 

2 0* 

Leucine 

2 t* 

Isoleucinc 

1 0* 

Cystine j 

0 2 

Methionine ' 

0 S* 

Thieonine i 

, 1 t* 

Tiyptophau 

[ 0 1* 

Aspartic acid 

0 2 

Glutamic 

i 2 0 

Lysine nionohydrochloridc 

3 0‘ 

Proline 

0 2 

Histidine monohydroohlondo 

0 95 

\rgimne 

0 CO 

Sodium bicaibonate 

1 76 


, IS 51 

Tyrosine 

! 0 5 

Phenylalanine 

0 5* 


19 51 

* Denotes racemic acid 


BXPBRIArENTAL 

Thiee htteis ot Evans-Long strain lats weie used m this study They 
weie distiibuted as evenly as possible ivith respect to weights, htteis, and 
se\ At 28 days of age the animals weie placed m individual cages and 
weie allowed watei and the expeiimental diet ad hbtlum Weights weie 
lecoided daily 

The basal diet and the vitamin supplements weie made up accoiding to 
Boiman et al (12), ivith the exception that biotin was omitted It was 
felt that the livei extiact would supply this lequnement oi at least that 
this would not be a limiting factor m a 28 day expei mient The animals 
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were fed daily by placing a weighed amount of food m the contamers The 
food thus measured was always m excess of what might be eaten The 
food mtakes were calculatod by difference after careful collection of any 
spillage 

The ammo acid mixture was prepared from crystalhne ammo acids, 
some of which were either synthesized or isolated m our laboratory, while 

Table II 

# 

Expenmenls Showing Weight Gain with Phenylalanine and Tyrosine Added to Diet 


Each e\penment covered 28 days 


Litter No 

Rat No 
and sez 

Total gam m weight 

Total food 
mtake 

j Anuno acid supplements 




^ i 


6 

34 9 

45 

182 


6 

35 9 

42 

167 


8 

36 9 

26 

' 170 

0 5% DL-phenylalamne 

7 

86 c? 

47 

188 

0 5% BL-tyrosme 

8 

87 o’ 

43 

216 


8 

88 o’ 

53 (42 6)» 

223 


6 

37 9 

46 

177 1 


6 

38 o’ 

47 

199 

0 5% DL-phenylalanine 

6 

39 o' 

43 

188 j 

0 5% L-tyrosine 

7 

85 9 

32 (42 0)* 

196 


7 

81 o’ 

57 

238 


7 

82 S' 

25 

202 

1 0 5% DL-phenylalanine 

7 

83 9 

39 

216 

1 0 5% D-tyrosine 

7 

84 9 

59 (45 0)» 1 

232 


6 

40 o’ 

24 

194 

0 5% DL-phenylalanine 


41 o’ 

36 (30 0)» 

173 

0 25% L-tyrosine 


42 9 

Died after 2 wLs 

1 

' 0 25% DL-alanine 


* Average for group 


some i\ere from commercial sources In every' case these compounds gay e 
excellent analytical values, mdicatmg a high degree of punty 

The ammo acid nuxture was patterned after Borman el al (12), except 
that phenylalanine and tjTosme were omitted and arginme nas added 
Due to the difficulty of obtaining a satisfactory' sample of hy droxy'prolmc, 
this anuno acid nas omitted Since this is probably' a dispensable inimo 
acid (13), It Mas felt that this omission Mas not cntical The alamnc 
content Mas mcreased slightly to compensate for any' loMered mtrogen con- 
tent 

The DL-tyTosme Mas prepared by' racemization of L-tyrosine, accordmg 
to the method of du ^Hgneaud and ^leyer ( 14 ) 
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u-TYj£oaiNi: IK ojcowrii 


yl/iaZysjs— CoIInOjN 

Calculated 
Found 


Wn 


N (Kjcldald) 7 76, N (Van felyko) 7 73 
“ 7 70, “ «' » 7 75 

= 0 00“ (1% tyrosine in 1% IICl) 



S”ir 

iinaZysis— CgHuOjN 

C^^^edated N (KjeldaU, r 73, N (Van SW.) 7 73, C 39 cn, H 6 U 

Wa" - +9 5- «% .n 1 0 J Ha) “ 

DISCUSSION 

giorth‘^“Dw'l«^^ “““ ^-‘yrosme stimulate 

«Sle a Ifhnd ^ .s fumished m suboptunal amounts make 
.sZ“ of t™ne nutiitional avajability of the unnatura 

isomer of tyiosme These workem have shown that 04 per cent os 
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phenylalanine, when added to the purified ammo acid mixture, did not 
allow the animals to grow at a good rate, however, upon the mcluaon of 
mcieasmg levels of n-tyrosme the growth was improved The addition 
of 0 5 pel cent L-tyrosme seemed to give the best growth 

In Table II the weight gam of rats receivmg 0 5 per cent of phenylalanme 
and an additional 0 5 per cent of either d-, l-, or DL-tyrosme is shown It 
iviU be seen that feedmg the l isomer confirms very beautifully the report 
of Womack and Rose (3) Also, there is no significant difference m weight 
gam when like amounts of d- or DL-tyrosme are substituted In a second 
senes of experiments m which the L-tyrosme was lowered to 0 25 per cent, 
the grovdh of two rats was maikedly mfenor, while the third died at the 
end of 2 w eeks It might be pomted out that at this level the L-tyrosme 
m the mixture w ould be the same as m the diet contammg 0 5 per cent 
DL-tjnosme If the d isomer had no retardmg effect and were not a^ ailable 
foi groivth, the lesponse m each of these experiments should be equal 
This IS not so, since the groivth was supenor on the DL-tyrosine diet, thus 
giving a strong support to the idea that the d isomer is nutntionally a\ ail- 
able This, of course, is also mdicated by the ex-penments when n-tjTo- 
sme, devoid of any of the l component, is fed 

Fig 1 shows the effect of 'withdrawmg the 0 5 per cent tyrosme, but 
allownng 0 5 pei cent phenylalanme to remam m the diet One rat fiom 
each group w as contmued foi the 6 day penod In all three expenments 
the lesponse was the same, namely, the loss of 10 to 13 gm dm mg i 6 
day penod 

We wash to express our appreciation to iNIr S C Fang lor some of the 
combustion inalyses reported m this paper 

SUMMARY 

1 When suboptmial amounts of phenylalanme are incorporated m an 
amino acid mixture othenvuse adequate for the white rat, the additional 
requirement is met ecjually w ell with d-, l-, or DL-tj rosme 

2 If one may conclude from the indirect evidence (11) that the human 
is unable to utilize D-tyrosme, then there must exist a species chffereiice in 
the Use of this eiiantiomorph 
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THE OXIDATIVE DEilETHYLATION OF :MONOMETHYL-l- 

AMINO ACIDS 

By KUO-HUAJJG LING axd TA-CHENG TUNG* 

{From the Department of Biochemistry, College of Medicine, National Taiican 
University, Taipei, Formosa, China) 

(Received for publication, March 9, 1948) 

Handler, Bernheun, and Klein (1) have shown that the oxidation of the 
N-methyl derivatives of DL-methiomne, DL-leucine, DL-alanine, and dl- 
histidine by rat liver and kidney preparations is due to the presence of 
D-amino acid oxidase, and that the N-methyl derivatives of DL-phenyl- 
alamne, DL-tryptophan, and nn-vahne are not oxidized by these prepa- 
rations 

Blanchard, Green, Nocito, and Ratner (2) have found that L-amino acid 
oxidase obtamed from rat kidney and hver catalyze the oxidation of the 
N-methylarmno acids, vtz those of n-leucine, methiomne, homocysteme, 
and S-benzylhomocysteme, to their corresponding keto acids and methjd- 
amine 

Ratner, Nocito, and Green (3) have reported that glycme oxidase, ivhich 
has been found m the liver or kidney of animals, catalyzes the aerobic oxi- 
dation of sarcosine to glyoxyhc acid and methylamme 

Although these oxidations of N-monomethylammo acids are all oxi- 
dative demethylaminations, Handler, Bemheim, and Klem (4) ha\e pre- 
sented further evidence of the direct demethylation of sarcosme Sarco- 
sine oxidase hich as found in rat, rabbit, and gmnea pig livers oxidativ ely 
demethylates sarcosme to glycine and formaldehyde 

Durmg the course of our investigations of the metabohsm of N-methjl 
denvatives of ammo acids, it has been demonstrated that the broken cell 
preparations of the kidney and li\ er of the rabbit, gmnea pig, pigeon, and 
hen oxidize the N-methyl-L-trj’ptophan, obtamed from Abrus precatoriua, 
to L-tryptophan and formaldehyde by the direct demethylation nhich was 
due to the presence of demethylase (5) Furthermore it ha-> been shoum 
that demethylase is a flavoproiem (6) which can be resohed into a 
protein and ademne-fla\nn-dmucleotide Recenth, m the course of our 
studies on the specificity of demethjlase, it was evndent that demeihjlase 
tan also demethjlate other N-monomethj l-n-amino acids, which hate 
been tested, to their corresponding ammo acids and fonnaldehjde and can- 
not oxidize N-monometh> I-D-anuno acids and N-dimeth\ lammo atids 

Some of the results are giten m Table I 
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DEMETHVLATION OE VMINO ACIDS 


Both sai cosine ovidaso and dcmethylase are coinplotely analogous in 
then action on a-metliylamino acids, but they aie iiiuiuestionalily dilTcr- 
eut enzyinc'5 


TvULb I 

Syccificihj of Dunclhyhnt,* 


Substrate 

OryKCiit 

ibiocbcd 

Fornialdchjd J 
formed 


[ c mm 1 

mi 

N-Methyl-L tryptophan 

31 

0 187 

N-j\Iethyl-D-tryptophan 

0 

0 

D-Tryptophan 


0 

0, N-Dimcthy]-i)L-tyrosino 

1 05 

0 162 

OjN-Dimcthyl-D-tyrosme ’ 

' 0 ' 

0 

N-Mcthyl'DL-tyrosiiic 

‘ -58 1 

0 124 

L-Tyiosinc , 

0 

0 

N-iMcthylvanittyl'Uii-alamno 

18 

0 110 

N-Methyldihydro\yphenyl-DL alanine 

53 

0 121 

N-Methyl-DL-phcuylalaninc ) 

52 

0 123 

N-Methyl-D-phenylalanine i 

« i 

t ® 

DL-Phenylalanine ! 

0 I 

0 

Na-lMethyl-DL-histidine 

bO j 

t 0 no 

L-Histidine 

, 0 j 

0 

N-Methyl-L-lcuciiie 

21 

0 05S 

li-Leucine 

0 

0 

N-Methyl-DL-atanine 

iJ 

0 025 

Sarcosine 

0 j 

0 

N-Dimethyl-p-methoxy-DL-phcnylalanino 1 

0 

0 

N -Dimethyl -d n-phenyl alani ne 

0 

0 


* The enzyme wab prepared as follows The rabbit kidney was desiccated with 
acetone 2 gni of the kidney pow'der were suspended in 10 cc of 0 9 per cent NaCl 
and the mi\ture was filtered The filtrate w is treited with 0 S cc of 10 per cent 
basic lead acetate The supein vtant fluid w is then prccipit ited tw ite w ith the same 
volume of satui ated ammonium sulfate of pll 6 S The precipitate was resuspended 
in 10 cc of 0 9 per cent NaCl and the supernatant fluid was used as the enzyme 
t Oxygen uptakes were measured inanometrically in the W irburg apparatus 
The manometei cup contained 0 5 cc of enzyme, 1 cc of 0 02 m N-meth 5 daniino 
acid, and 2 cc of iu/15 phosphate buffer of pH 7 1 (3S“, 60 minutes) 

X Foimaldehyde w'as estimated colorimetncally by i modification of the phenjl 
hydrazine-ferric chloride test 


SUIVOIAHV 

Pioduction ot foimaldehyde by oxidatrve demethylatioii oi N-inono- 
methyl-L-ammo acids by deinethylase appeals to be a geneial leaction 
N-Dunethyl-L-ainmo acids and N-methylated D-aniino acid-> yield iw 
formaldehyde undei the influence of demethylase 
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ISOLATION OF THE UNIDENTIFIED GROWTH FACTOR 
(VITAMIN Bu) IN DISTILLERS’ DRIED SOLUBLES* 

Bt A F XOVAKt SSD S M HAUGE 

{From the Department of Agricultural Ckemislrrj, Purdue Unieersit'j Agricultural 
Experiment Station, Lafayette) 

(Recexv ed for publication, March 20, 1048) 

Recent mvestigationb ha-ve shown that distillers’ dned solubles contain 
a factor or factors which are necessary for the growth of chicks (1) and 
rats (2) This factor is distmct from ntamin A, vitamin D, thiamme, 
nboflavm, inositol, nicotinic acid, pantothemc acid, p-ammobenzoic acid, 
cholme, pyrido-one, biotm, fohc acid, or 2-meth3'hiaphthoqumone 

A procedure has been developed for the isolation of this unidentified 
growth factor in a highly concentrated condition This method is based 
upon physical and chemical charactenstics of the active pnneiples w'hich 
were discovered dunng the fractionation studies (2). 

EXPERIMENT 

A method was developed for the isolation of the unidentified growth 
factor m distillers’ dned solubles, which mvolved the folloivmg essential 
procedures extraction of distillers’ dned solubles wnth acidified water, re- 
mo\al of protems, differential chromatographic adsorption of impunties, 
precipitation, and the separation of the active pnnciple with an immiscible 
solvent The activity of the vanous fraction* was determined bj' the rat 
grow-th method previous!} descnbed (2) 

Distillers’ dned solubles were extracted with 3 hters of 0 1 N HQ per 
kilo of soluble* bv autoclaving for 30 imnutes at 120° This preparation 
wa* cooled, adjusted to pH 6 5, and filtered The residue was reextracted 
twice, after which it was washed with distilled water b} stimng and again 
filtered The combmed filtrate* were concentrated under reduced pressure 
to the cquiv alent of approximate!} 200 ml per kilo of onginal matenal and 
idjusted to pH 3 5 

To precipitate protein and other mert matenal, this concentrate wa* 
poured into 3 volumes of ethanol, atirred for *everal minutes, allowed to 
stand overnight, and filtered Under the*e condition*, f ictor > (3) =nouId 

‘Journal Paper Xo 343 of the Purdue Gniverjit} tgncultural Eipenirent feta- 
tion This investigation was supported m part bj a grant from Joseph E Seagram 
ind Sons, Inc , Louisville, Kentuckj 

t Present address Department of Chernstrj, Universitv of Florida, Gainsvill , 
Flonda 
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ISOLATION OF UNIDENTIFIED GRO^VTH FACTOR 


have been lemoved The filtiate was adjusted to pH 7, stared, allowed 
to stand oveinight, and again filteicd This pioceduie is lepoited to le- 
move factoi E, (3) 

The filtiate was slightly acidified with hydrochloiio acid, concentiated 
iindei leduced piessuic to about 150 nil pei kilo of oiiginal mateiial, and 
adjusted to pH G 5 This solution was lilteied thiough a column (4 cm X 
10 cm ) of fulleis’ caitld diluted with Cehte (1 1) which icmoved someim- 
puiities vuthout idsoibmg the active pi mciplc (2) 

The filtiate was concentiated imdei diminished picssuie to about 100 
ml pel kilo of the oiiginal solubles Mtei adjusting the solution to a 
hydiocliloiic acid content ot 3 o pci cent, sulhcient solution of phospho- 
timgstic acid (30 gm pei 100 ml of 3 o pei cent HCl) was added foi com- 
plete piecipitation The contents of the flask wcic heated to dissolve 
most of the piecipitate, cooled, and placed m the lefiigeratoi foi 18 hours 
The cold solution was hlteied thiough a cold Buehnei funnel wth a haid- 
ened hltei papei (IVliatman No 50) The piecipitate was washed several 
times with a cold solution containing 2 5 pci cent phosphotiingstic acid, 
and 3 5 pei cent hydiochloric acid The filtiate was found to be biolog- 
ically inactive, and was discarded 

The piecipitate wais dissolved m a slightly alkaline solution of sodiiun 
hydi oxide, and the phosphotimgstic acid piecipitated with baiium chloiide 
The baiium phosphotungstate waus lemovcd by filfiation, and washed with 
hot water 

Aftei concentiation, the aqueous solution was exti acted lepeatedly with 
cliloiofonn m a sepaiatoiy funnel The combined chloioform extiacts 
weie concentiated to diyness undei i educed piessuie A yellow -oiange 
non-ci 3 xstalluie lesiduo lemained This mateiial was found to be leadily 
soluble in water, acetone, ethanol, ethyl ethei, chloiofoim, and benzene 
When this mateiial was dissolved m watei at a concentiation of 100 y pei 
ml , it appealed piactically coloiless .ind showed fluorescence iindei an 
ultiaviolet lamp 

To deteimine its biological activity, this mateiial was added to the basal 
lation at appioximately 250 y pei 100 gm of lation and tested woth lats 
as pieviously desciibed A good giowth lesponse was obtained (Table I) 

Since the aqueous solution was almost coloiless, its spectial absoiption 
chaiacteiistics weie studied A Beclonan specti ophotometei , equipped 
■with a hydiogen aic and quaitz cells, was used at wave-lengths between 
2400 and 4000 A To deteimme whethei the absoiption cuive boie any 
lelation to the active component fiom distilleis’ solubles, concentiates weie 
piepaied from othei active mateiials and then spectial chaiacteiistics w^eie 
compaied (Fig 1) Concentiates piepared fi om i ice polishings concentiate 

‘ City Chemical Coiporation, New York 
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Table I 

Biological Tests for Presence of Growth Factor 


Concentrates added to basal ration* 

' Average gam per irt-f (8 rats 
per lot) 


im 

None 

17 2 

Distillers’ solubles (Seagram) 

29 S 

Liver extract (Lilly) 

27 S 

Rice polishings (Labco) 

28 0 


* In amounts equivalent to approximately 10 per cent of the original material 
t Least significant difference, 5 per cent le\el 2 5 gm , I per cent leiel 3 4 gm 



Fig I A comparison of the ibsorption spectra of the isolated concentrates irom 
distillers’ dried solubles, nee polislungs concentritc (I abco), and lucr extract 
(Lilly) 

(Labcu) aud luei cMract (Lillx ) were, diluted so th u i the ma.\iiiiuiu o! 
2820 A they ga\c densities slightl> less than th vt uUi uned with the prepa- 
ration from the distillers’ solubles The biologiuvl ictixuties of these con- 
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centiates (Table I) established a paiallelism between the chaiacteiistic 
cuives and activity 

Aftei it was found that maximum giowth i espouse was produced with 
250 7 of the isolated mateiial fiom solubles pei 100 gm of the lation, a 
biological assay was peifoimed to deteimme the minimum quantity nec- 
essary foi a definite glo^vth response and the amoiuit requned for a maxi- 
mum biological response 

The biological assay was peifoimed with 50 lats, equally divided accord- 
ing to sex Instead of mcoipoiatmg the factor into the lation, it was fed 



DAILY SUPPLEMENT IN MICROGRAMS 

Fig 2 The giowth response of rats fed the basal ration and daily supplements 
of the unidentified factor 

as a daily supplement In a piehmmaiy assay, it was foimd that levels of 
10, 20, 30, and 40 7 pei day were equally effective in stimulatmg gioivth ' 
This mdicated that the effective dose was below 10 7 pei day Theiefoie 
levels of 0, 2, 4, 6, and 10 7 pei day weie fed Ten lats weie fed at each 
level The gioivth 1 espouse cuive is given m Fig 2 The maximum bio- 
logical effect was obtamed -with 10 7 of the factor pei day Definite gi oivtli 
stimulation was obtamed with 2 7 pei day 

Smee the chaiacteiistic absorption spectia of the concentiates fiom the 
thiee different sources weie practically identical, exhibiting a maximum 
at 2820 A, and inasmuch as they weie biologically active, it is apparent 
that the isolation of the imidentified growth factor in a high state of purity 
has been accomplished 

DISCUSSION 

Although previous experiments (1, 2) gave strong evidence for the exist- 
ence of an unidentified growth factor m distillers’ diied solubles which was 
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distinct from the known vitamins and postulated factors, these e\-penments 
offer proof that the observed growth responses were due to a definite sub- 
stance which has been isolated in a state of relatively high punty This 
is substantiated by its characteristic absorption spectrum and by its high 
biological activity Smce the potency of this product is comparable to 
that of a number of vitamins, it appears logical to class this factor with 
the other vitamms of the B complex It is tentatively called vitamin Bu 

A numbei of properties are now known It is stable to heat, acid, and 
alkah It is soluble in water, acetone, chloroform, ethanol, ethyl ether, 
and benzene It is precipitated by phosphotungstic acid and lead acetate 
It is not adsorbed on fullers’ earth or Darco but is adsorbed from acid solu- 
tion on Flonsil, Lloyd’s reagent, nont, and Decalso Its absorption spec- 
trum exhibits a maximum at 2820 A 

The solubihty of this factor in chloroform as well as ether adds further 
evidence that it is not the cow manure factor (4) It is possible that it 
may be similar to one of the fractions obtamed from hver extract by Barton- 
Wnght et al (5) They obtamed a fraction by the axtraction of an aqueous 
solution with chloroform, which stunulated growth of Laclohacillus helveli- 
cus and Slreplococcus lactts No tests were reported with animals 

SUMMARY 

A new growth factor for rats, tentatively called vitamm Bu, has been 
obtamed from distillers’ dried solubles, nee pohshmgs concentrate, and 
hver extract m a non-crystalhne but highly punfied state 2 y of this 
substance give defimte growth stimulation and 10 y per day give the maxi- 
mum effect 

Spectral absorption curves showmg a maximum at 2820 A i\ere obtamed 
with concentrates of high potency from each of the three matenals, dis- 
tillers’ dned solubles (Seagram), nee pohshmgs concentrate (Labco), and 
hver extract (Lilly) 

The procedure for isolation mvoh^es extraction with 0 1 n hydrochlonc 
acid, precipitation of protem and other inert matenal with ethanol, chroma- 
tographic adsorption of impunties on fullers’ earth, precipitation of the 
active factor with phosphotungstic acid, and separation b> chloroform ex- 
traction 
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THE COMBINATION OF ORGANIC ANIONS WITH SERUM 

ALBUMIN 

VI QUANTITATIVE STUDIES BY EQUILIBRIUAI DIALYSIS 

Bt J D TERESI AKD J MURRAY LUC3K 

{From the Biochemical Laboratory, Department of Chemistry, Stanford University, 

California) 

(Received for publication, February 2, 1948) 

Electrophoretic studies have shown that a combination occurs between 
serum albumm and lower fatty acids (1), synthetic detergents (2-4), and 
certam buffer anions (5-10) In addition, serum albumm has been shown 
to combme with phenol red (11, 12), sulfanamides (13, 14) pemcdhn 
(15), and calcium ion (16) Quantitative studies on the serum albumm 
combmation with lower fatty acids have been attempted earlier m this 
laboratory by ultrafiltration (17) 

The combmation of methyl orange and an azo dye with serum albumm 
has been mvestigated by the dialysis-equihbnum techmque by Klotz el 
al (18) 

The results of further dialysis-equihbnum studies on the nature and 
extent of the combmation of serum albumm with some aromatic carboxyl- 
ates and mtrophenolates are reported m the present paper 

EXPEKIMENTAi 

Protein Solutions — Crystallme bovme serum albumm was used m all 
cases with one exception an amorphous albumm was used m the expen- 
ments with the phenyl butyrate amon These albumm preparations w ere 
obtamed from the Armour Laboratones through the courtesy of Dr ID 
Porsche 

The stock protem solutions were prepared by either of the two follow - 
mg methods (a) a quantity of albiunm was dissolved in w ater with the 
aid of a vacuum, as descnbed by Duggan and Luck (19), to gi\e approxi- 
mately a 20 per cent solution by weight, (6) a sufficient quantiti of albumm 
w’as dissolved m water to gl^ o approximately a 2 per cent solution by w eight 

The exact concentration was obtamed by a dry' weight determination 
on a sample of the solution dned at 110° for 24 hours 

Solutions of buffered protem of desued concentration (usually ibout 
0 2 per cent) were prepared by dilutmg portions of the concentrated stock 
solution with phosphate buffer The ionic strength of the buffer \as 0 2 
at pH 7 6 and 0 22 at pH S 2 

The sodium salts of the compounds reported m this paper were prep^cd 
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from the coirespondmg acids by ncufcialization with sodium hydi oxide 
Solutions of these salts, 0 3 oi 0 5 ai, weze diluted with phosphate buffer to 
concentiations langmg fiom 5 X 10~® M to 100 X 10“'^ M 
Dialysis — Commeicial sausage casmg was used in the picpaiation of 
cellophane bags foi dialysis In some cases, the bags weic boiled three 
times foi 4 houi and iinscd with distilled watei aftei each boilmg peiiod 

Tablu I 


Dialysis Equilibrium bclwecii Bovine Scrum Albumin anil Bheiiyl Bulyratc Anion 


Tube No 

Molarity of 
anion outside 
of bag 

1 

Hound A“ 

Moles bound A" 
Moks I’r* 

r 

J 

r 

Tree A~ 

1 

A- 


X lOi 

matei X 10* 



moles X 101 

X io-» 

1 

14 5 

25 6 

1 76 

0 57 

21 75 

0 16 

laf 

16 2 






2 

17 0 

30 

2 07 

0 483 

25 5 

0 392 

2a 

19 0 






3 

27 8 

64 

3 72 

0 269 

41 7 

0 24 

3a 

31 4 






4 

34 3 

55 5 

3 82 

0 262 

61 1 

0 194 

4a 

38 0 






6 

41 2 

66 

4 65 

0 22 

61 8 

0 162 

5a 

45 6 






6 

48 

75 

6 17 

0 194 

72 

0 139 

6a 

53 




1 


7 

70 

90 

6 20 

0 161 

105 

0 095 

7a 

76 





i 


Volume of amon placed outside of bag, 10 ml , volume of albumin placed inside 
of bag, 5 ml 

* The number of moles of protein was calculated on the assumption that the mo- 
lecular weight of serum alburmn is 70,000 5 ml are equivalent to 1 45 X 10~^ mole 

fThe control series, designated “a,” contained 5 ml of buffer only inside of the 
bag 

This procedure was found necessaiy when the spectiophotometric analysis 
of the anion mvolved the ultiaviolet region 
Cellophane bags contammg 5 ml of 0 2 pei cent buffered piotem solu- 
tion were immeised m 10 ml of each anion solution contamed m a smtable 
bottle Conti ols contammg buffei only inside the bag were prepared in 
the same mannei for each concentiation of anion The bottles weie placed 
m a cold room at 1° foi 3 days (an interval sufficient to msuie eqiuhbrium) 
The bags were then removed and the external solutions weie analyzed 
spectrophotometrically for the anion The results of a typical dialysis 
experiment are shown m Table I 
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RESULTS DISCUSSIO::^ 

The treatment of the data obtamed was similar to that apphed to meth 3 d 
orange and an azo dye by Klotz et al (18) 




Fia 1 Fig 2 

Fig 1 The binding of aodium phenoxyacetale (Curve 1), sodium phenjl acetate 
(Curve II), sodium phenjl butyrate (Curve III), and sodium cmnamafe (Curve It) 
w ith bovine serum albumin at pH 7 6 and ionic strength 0 2 

Fig 2 Bovine serum albumm-sodium hippurate at pH 7 6 and ionic strength 0 2 

The successive protem-anion equilibna may be represented by a senes 
of equations shown below 

P+ 

PV + A;=iPAi 


P V _i + A P 


PVa_i + A;=:P\. 

P represents a molecule of free protem and A a molecule of orgamc anion, 
n represents the maximum possible number of bound anions per protem 


(PV) , 
{P)(A) ' 

(PA.) _ , 
(P\)(V) ’ 


(PV) 

(P\...)(V)“ ‘ 
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molecule The classical equilibiium constants aio given by the relations 
sho^vn on the light (above) 

It may also be shown that the latio i, moles ot bound anion to the total 
moles of piotem, is given by the equation 

^ A i(A) '2lnki(A)- -f- ;t(/>i A; 

1 + Al(A) + /i lk>( \)^ + (Al / 2 A r ) (A) ‘ 




Fig 3 Bovine serum alburain-sodiuin o-nitropheuolate at pH 7 6 and lomc 
strength 0 2 The broken line represents the average of the experimental curves 
Fig 4 Bovine serum albunnn-sodium o-mtrophenolatc at pH 8 2 and ionic 
strength 0 22 The average curve is shown by the dotted line 


This mvolved expiession may be simplified in cases ol ueghgible electio- 
static repulsion between bound and free aniOn Foi this situation 


k. 


a — (t — 1) ^ 
I K 


(2) 




n 

K 


(3) 


iC IS a constant which depends on the natiue of the anion as well as on the 
chaiactei of the protem, and hence must be detei mined expeiimentallj'' 
It can be shown that when statistical effects are piedominant and the 
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equilibnum constants are given by" equation (2) the relation for r in equa- 
tion (1) may be reduced to a Imear form 


1 

r n (A) n 


(4) 


Thus, if a straight line results when 1/r is plotted against 1/(A-), statis- 
tical factors predominate All cases reported m this paper followed this 



tie 5 Bovine serum albuuun sodium p-aitrophenolate (Curve Ij and bovino 
•jerumablumm sodium m mtrophenolate (Curve II) at pH? 6 and lomo strength 0 2 
Fio 0 Bovnne serum albunun sodium p mtrophenolate (Curve I) and bovune 
■-crtim albumin sodium m iiitrnphenolate (Curve II) at pH S2and ionicstrongth0212 

straight line relation, as is shown m Figs 1 to 8 Tht cunea are drawn to 
give emphasis to the points of greatest accuracii (liigh anion ( oncentration 
or low l/(\~) 1 dues) 

Tlie intercept when 1/(V~) is zero gives the value for n The values 
/i, K, uul AFi were calculated from the foregomg equations for the anions 
showai in 1’ ihle II The results indicate th it the length as well is the tv^pe 
of side (liiin iffeets the evtcut ind the strength of the binding Vn ui- 
ereese m tin number ol e irhon itonis in the eli an give an mereosu in 
APx Vn mere i?e in the eh an length bv ulduiun ui in owgtn itorn or a 
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peptide group caused an increase in the AFi value but caused a decrease in 
the extent of binding as shown by the values foi n 
It IS inteiesting to note that lesults obtained in the study of stabilization 
against urea denatuiation of albumin showed that phenyl butyiate and 
cmnamate weie good stabilizeis and that the othcis listed in Table II 
weie compaiatively pool (19) The introduction of polar gioups in the 
side cham of the aiomatic caiboxylates decreased the stabilizing eflect of 
the compound This is in accoid with the deci eased value for n obtamed 
m the dialysis-equilibiium studies The inciease in the energy of the 
bmding of cmnamate, phenyl butyiate, phenoxy acetate, and hippuiate 



Fig 7 Bovine serum ilbumin sodium 2,4-dinitroplienolato at pll S 2 and lomc 
strength 0 22 (Curve I) Curve II represents the same system it pH 7 6 and lomc 
strength 0 2 

Fig 8 Bovine scrum dbuinin sodium picrate it pH 8 2 and ionic strength 0 22 
(Curve I) Curve II lepresents the same system at pH 7 6 and ionic strength 0 2 

ovei the bmdmg eneigy of phenyl acetate caimot be explained simply by 
the contiibution due to van dei Waals’ foices 

In recent papeis (20-22), the ability to stabilize albumin was attiibuted 
to the piesence of a non-polai ladical in the molecule It was latei found 
that piciate, tiichloioacetate, and dichloiophenolate aie good stabdizeis 
against uiea denatuiation (19) These findings aioused inteiest m the 
application ot dialysis-equihbuum measuiements to some nitiophenols, 
includmg piciate 

The values foi the vaiious constants, calculated as above, aie piesented 
in Table III Compounds contaming a nitio gioup m the oitho position 
exhibit a value for a of 6 as compared to 22 to 25 foi the othei compounds 
The low value foi the oitho-substituted compounds caimot be explained 
mthout Imowledge of the piotem gioups involved in the bmdmg and the 
arrangement of these active groups m the molecule 
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The energy of the binding of the first picrate and of the first 2,4-diiutro- 
phenolate anion is 8900 calones per mole at pH 7 6 The energy at pH 
7 6 for the monomtro compounds ranges from 7150 to 7850 calones per 
mole The energy mereases with mcrease m pH m the cases of m-rntro- 
and p-mtrophenolate, but it decreases with mcrease m pH m compounds 
which are almost completely m the amon form 
Smce, as previous evidence mdicates, orgamc amons are bound to the 


Table n 

Binding of Some Aromatic Carboxylatea with Bomne Serum Albumin 


Anion 

n ; 

1 

s 

h 


Phenyl butyrate i 

1 i 

XIO* 

2 64 

aele X 10~* \ 
8 92 

events pn xscU 

7450 

Cinnamate i 

1 ^ 

1 6 

15 7 1 

7750 

Hippurate 


1 51 

5 66 

7220 

Phenyl acetate 

25 

1 23 0 

1 09 

6300 

Phenoxyacetate 

1 ^ : 

! 1 35 ; 

1 

1 5 18 

1 

7150 


Table HI 


Binding of Ntlrophenolates icilh Bonne Serum Albumin 


Amon 

* ^ • 

» 1 
1 

K 

n 

-A?i 

j A"foisj 


* 



1 X iCr* 

CcJfTitt ! 
pervuU 1 

1 pcf utu 

o-Nitrophenolate 

7 6 

6 1 

0 338 

1 82 

7850 

1 75 


S 2 

6 

0 407 

j 1 51 

7740 1 

91 

m-Nitrophenolate 

7 6 ' 

24 

4 05 

1 0 603 

7250 j 

16 


8 2 

23 

1 11 

1 20 

7900 { 

43 

p-Nitrophenolate 

7 6 

25 

5 12 

0 49 : 

7150 

72 5 


' 8 2 

25 

1 69 

1 48 

7750 

91 

2,4-DimtrophenoIate 

7 6 

6 

i 0 047 

! 12 5 

8900 

lOO 


8 2 


1 0 068 

(SO 

8650 1 

lOQ 

Picrate 

7 6 

6 , 

0 048 

12 6 , 

[ S900 j 

100 


8 2 

6 

1 0 052 

11 6 1 

j SS50 1 

100 


positive groups of the protein, and smce on mcrease m pH mereases the 
negatne charge on the protem, a repulsion between protein and amon 
isould result nhen \an der Waals’ forces do not predommate 
In conclusion, the results mdicate that m the case of the aromatic car- 
boxylic acids an mcrease ot the length of the side cham by the addition of 
carbon atoms increases the energy of the bmding .In mcrease m cham 
length by the addition oi an o\y gen or a peptide group incrca^ea the cnergx 
but decreases the extent of the bmdmg In the case of the nitrophenolatea, 
a mtro group m the ortho position decreases the extent of the bmdmg aa 
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compared to a nitro group m tho paia and meta positions Addition of 
nitio gioup to o-nitrophenolate increased the affinity of the anion 
second additional nitio gioup to the o-nitiophcnolatc had no effect at 
pH 7 6 but mcieased the stiength of the bond at pll 8 2 Finally, an in- 
ciease of pH decieascs tho encigj'’ of the binding when 100 per cent of the 
compound is m the anion foira and this decrease is due to the lepulsion 
caused by an mcrease m the negative chaigc on tho protem 

SUMMARY 

The law of mass action has been apphed to dialysis-equihbnum data 
obtamed fiom the systems, bovme serum albumm-aiomatic carboxylic 
acids and bovine seium albumm-mtrophenolates In all the cases studied, 
it was found that statistical factors predominate, ^ e , electrostatic repul- 
sion between bound and fiee anions was negligible 
The maximum numbei of molecules of each anion studied that can com- 
bme with 1 molecule of bovme seium albumin has been determmed The 
energy of the bmdmg of the first anion was determmed for each compound 
The value for the constant of equilibrium between the first anion and the 
piotem was also calculated 

The effect of the typo and length of side cham m the aiomatic caiboxyl- 
ates on the extent and energy of bmdmg to the albumm has been discussed 
A discussion of the effect of the position of the nitio group m nitro 
phenolates on the extent and energy of bmdmg is leported 

We axe mdebted to the iiimour Laboratoiies fox the albumm piepaxa- 
tions and to Di Frank W Allen of the Umversity of Calif oinia for the 
p- and w-nitiophenolates and for the 2,4-dmitiophenolate used m these 
studies 

A grant-in-aid from the Rockefellei Foundation is gratefully acknowl- 
edged 
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THE STATE AND DISTRIBUTION OF STEROID HOR]MONES 
IN BIOLOGIC SYSTEMS 


III SOLUBILITIES OF TESTOSTERONE, PROGESTERONE, A-ND 
a-ESTRADIOL IN AQUEOUS SALT AND PROTEIN 
SOLUTION AND IN SERUM* 

FRITZ BISCHOFF a'.d HARRY R PILHORN 

{From the Chemical Laboratory, Santa Barbara Cottage Hospital Research Institute, 

Santa Barbara) 

(Received for publication, Januar> 27, 1948) 

Except foi such complications as change m acti\uti coefficient, change 
m state of aggregation, selective membrane permeability, or chemical re- 
action, the property primarily govermng the distribution of a substance 
in a polyphase system, such as occurs m the hving organism, is solubihtj 
In spite of the recent extensive progress in the organic chemistry of the 
steroids, meager information is axailable regarding the physical properties 
of these compounds The present report is concerned with the solubihties 
of testosterone, progesterone, and a-estradiol in aqueous solutions of var\ - 
ing lomc strength, in aqueous protem solutions, and m serum This in- 
formation IS required as a basis for speculation as to and investigation of 
the physiochemical status and fate of these substances in the organism 

EXPEIUIIENTAL 

Eqinbbralion — Crystalline Schenng testosterone (m p 153 7-154 2°, 
corrected) and progesterone (m p 127 5-128 5°, corrected), which suffered 
no loss in weight on desiccation over PjOs, were used in all experiments 
fhe 7 -globulin was prepared in the laboratones of Armour and C'ompanv 
and w as electrophoreticallj’’ homogeneous at pH 7 0 The ilbumin was the 
crystalline bovine -Armour product Saturation was appro iched from both 
undersaturation and supersatuiation at two temperature ranges, ii; , 25 0° 
and 37 5° Equilibration at 37 5° was performed during the dav in a thcr- 
mostaticallj controlled cabinet equipped with a mech uncal shaker and at 
mght m a water bath Equilibration at 25 0° was performed in a water 
bath, igitation of the solvent depended upon the rotation ot the suspended 
container with the currents set up bj the stirrer In the progesterone 
expenments, a tliemiostaticallv controlled cabinet with mechanical shaker 
was also used it 25 0° Filtration w is performed in thermost iticallj 

* This iincslibation was aided by a grant from the Donner loundalioii Inc , Can 
cer Research Dnision 

For tin. first two papers of tlua stnta see (10 11) 
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contiolled cabinetb Effect oi conccntiation of solute, which is n ciiteiion 
foi piiiity of the solute, was studied ovei a l-fold laiige JOffcct of (hange 
of solvent, which is likewise a ciitoiion ol ]niiity, was studied foi thiee oi 
fom changes The solvents studied w'^eie watei. 1 0, 1 97, oi 3 89 pei cent 
aqueous NaCl, 0 1 pei < ent aqueous NallCDi, I 97 oi d 87 pei cent aqueous 
NaoSOi, 1 oi 3 pel cent (i3'stalhne bovine albumin solution at p = 0 155, 
1 01 3 pel cent bovine y-globulin at n — 0 155, and labbit serum The 
influence of pll ovei the i ingc 5 0 to S 5 was ■'tudied in ccitain instances 
The details aie given in the icspective t ibles 

In woiking with piotein solution-^ aseptic technique ssas used Non- 
pi otem nitiogen deteimmations weio pcifoimed upon piotein-fiec filtiates 
as a gage of possible bacleiial ( ontamin.it ion and action 

Method of Delenniiialion -Tha loloi le.iction of Zinimeim.inn (i), de- 
pending upon the leactioii of ceitain ketones wuth Mi-dinitioben/ene in 
alkaline alcohol solution, li.is been utih/cd by Iloltoiff and Koch (2) foi 
the cleteimination ol l7-ketn3teioids and related compounds and was 
adapted foi the deteimin.ition of totosteione and piogesteione in the 
piesent studies Bv means of the faimetion coloiimctei w'lth voltage stabi- 
lizei foi photocoloiimetn , the 3ello\\-gieen hltci (wave-length 530 nip) 
gave values foi testosteione and piogesteione m confolnllt^ with Beei’s 
law^ovei the concentiation langcofO 05 to 0 2 mg Theeiioi of theinstui- 
ment in the maximum i.uige of sensitivitv w^as about 1 pei cent 

The concentiation of tcstosteione fiom watei oi aqueous salt solution 
in amounts lequiied foi the coloiimetiic deteimination was peifoinied bj" 
evapoiation of the aqueous oi salt solution at 99°, the lesidue was extiacted 
wnth ethanol to scpaiate salts and the filtiate subjected to eiapoiation at 
the same tempeiatuie In the case of piogesteione this pioceduie was not 
feasible, as a variable ieco\ ciy ranging from 60 to 93 pci cent (se^ cn experi- 
ments) was encountered on evaporation from NaCl solution at 99°, and 
theiefoie the aciueous phase was concentrated at loom tempeiatuie, in 
vacuo, ovei calcium chloiicle 

It was planned to study the effect of the IIP04“ ion on the salting-out 
phenomenon, but this study had to be abandoned because of the analytical 
difficulties encountered m the deteimination of testosteione in the presence 
of phosphate, the phosphate cannot be dehj'diatecl at tempeiatuies at 
which testosteione is stable, and too laige a quantity enters into the alco- 
holic extract 

The justification of the analytical pioceduies used is based upon the 
following experimental data The lecoveiy of 0 2 mg of testosteione 
subjected to evapoiation of 5 oi 10 cc of water oi absolute ethanol in a bath 
at 99° was 98 to 102 per cent (twelve deteimmations) wKen compared wnth 
a 0 2 mg standard added to the residue obtained by evapoiating w^ater oi 
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alcohol The recovery after subjecting the testosterone to evaporation 
from 3 9 per cent NaCl solutions with subsequent alcohol extraction and 
evaporation was 96 ± 1 per cent in nine of twelve experiments compared 
with standards added after the aqueous evaporation, alcohol axtraction, 
and alcohol evaporation had been performed to serve as a blank Similar 
values were obtamed from 4 per cent sodium sulfate solution The re- 
covery of progesterone, when evaporation of the aqueous phase was per- 
formed in vacuo, v\ as 97 ± 0 6 per cent (eight determinations) The 
recovery from 4 per cent Na^SOt solution was 99 per cent (tno determi- 
nations) A stock standard in absolute ethanol contaming 2 mg of 
progesterone per cc lost no activity m 8 months when compared inth a 
fresh standard The possibihty of loss of dissolved solute by adsorption 
on filter paper was eliminated by comparison of filtration and centrifu- 
gation at 25° 

Reagents — Redistillation of commercial absolute and 95 per cent ethanols 
reduced the blank appreciably The water was distilled wuth a Baruited 
still and then double distilled from glass A solution of Eastman iii-dimtro- 
benzene, 2 per cent by volume m 95 per cent ethanol, recrjstalhzed by the 
method of Callow (3), was used 5 ± 0 04 x aqueous KOH was prepared 
from a saturated solution of Baker’s c p KOH, decanted from the carbonate 
precipitate Both Munktell No 00 and Whatman No 2 filter papers, w hich 
were used for filtration, gave a measurable blank (one-tenth to one-fifth 
of the total blank) The Munktell blank was due to a water-soluble sub- 
stance, the Whatman blank to an alcohol-soluble matenal 

Procedure for Testosterone for Aqueous or Aqueous Salt Solulwn — lOOcc 
aliquots obtamed by filtration through filter paper m a cabmet mamtamed 
at the equihbration temperature plus 1 0 cc of absolute ethanol are ev apo- 
rated to dryness at the temperature of the water bath m a narrow mouthed 
bottle After coolmg, 10 0 cc of absolute ethanol are added to each, 
the piecipitate is broken up with a mchrome rod, and the contents are 
allowed to stand 1 hour and then filtered A 5 0 cc aliquot of the filtrate 
13 evaporated to dryness m the photometer tube on the water bath The 
residue is dissolved m 0 5 cc of absolute ethanol 0 5 cc of dmitrobcn- 
zene reagent and 0 5 cc of KOH reagent are added The w hole is ini\e-d and 
set aside m the dark for 45 minutes, when 7 cc of 95 per cent ethanol and 
1 5 cc of water ire added The mixture is allowed to stand 3 minutes and 
then read immediateh with standards which are processed m cviclI} the 
same manner is the unknowns The effect oi the small amount of salt 
which dissolves m the absolute ethanol and the effect of salt upon the al- 
cohol extraction are controlled bj processing the standards for the solu- 
bility m salt solutions bv adding 1 0 cc of the ethanol solution o' 
the standards to 10 cc of 3 S9 aqueous NaCl solution In dctermmat'ons 
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from solution at pll 9 1 the aliquot was titrated to pll 5 0 with 0 2 n HCl 
before piocessmg 

Procedwefor Aqueous and Aqueous Salt Solution of Progesterone — 20 0 cc 
aliquots plus 1 cc of absolute ethanol aic ovapoiatcd to diyness in 180 cc 
naiiow mouth bottles tn vacuo at loom tcmpciatuie ovci calcium chloiide 
The standaids m a volume of 1 cc of absolute ethanol aie added to 20 cc 
portions of a blank solution and piocessed simultaneously with the un- 
knowns Aftei evapoiation to di 3 mess the pioccss is the same as that for 
testosteione The concentrations of the standaids in the deteimination 
are 0 2 and 0 05 mg 

Calcidatwn — The optical densities of the high and low standaids (0 2 
and 0 05 mg respectively) aie plotted against their concentiations on oidi- 
naiy graph paper The optical densities of tlie unknowns are referred to a 
line joimng the coordinate values foi the standaids Alternately if Ai and 
and Ao are the optical densities of the high and low standards respectively 
(0 2 and 0 05 mg ) and X is the intercept at 0 concentration, 

A, - A = lU, - X) 



If the optical density of the unknown is B, then 
B — X 

^ X 0 2 = mg steroid in unknown sample 

Ai — A 

Recovery of Testosterone from Protein Solution — When 5 cc of 3 per cent 
crystalline bovine albumin m 0 8 per cent NaCl plus 0 4 mg of testosterone 
were evaporated to diyness on the water bath or in vacuo at room temper- 
ature, evtiaction of the residue with 10 cc of absolute ethanol for 2 horns 
failed to recover any testosteione Extraction vuth 10 cc of chloroform 
also proved unsatisfactory Wlien an albumin solution containing tes- 
tosterone was added to absolute ethanol so that the alcohol content was 
80 per cent by volume, the testosterone was quantitatively recovered from 
the alcoholic filtrate (five experiments) when compared rvith a standard rn 
whrch the testosterone was added to the alcoholic filtrate after removal of 
protein In the analytical deter nunation, the alcoholic filtrate is evapoi ated 
to diyness on the water bath The process for recovering testosterone 
from rabbit serum was similar to that used for the albumin solution The 
concentration of the ethanol solution was raised to 90 per cent by volume 
and the mixture was permitted to stand oveimght before filtration Re- 
covery in four experiments was 104 per cent when comparison was made with 
a standard m which the testosterone was added after filtration of the al- 
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coholic solution The extractives from bovme albumm and rabbit serum 
were tested for their effect upon the color development of testosterone at 
0 05, 0 1, and 0 2 mg concentration The deviation from Beer’s law was 4 
per cent at the highest concentration for each substance (each expenment 
in tnplicate) Smce standards prepared with alcohohc filtrates of rabbit 
serum or albumm were used m all solubility determinations, this effect vas 
controlled 

The process for assa 3 ong progesterone m albumin solution or m rabbit 
serum was the same as that used for testosterone In three ex^ienments 
the recovery from albumin solution u as 101 per cent iihen companson was 
made ivith a standard in which progesterone was added to the alcohohc 
filtrates In four experiments the recovery from serum was 101 per cent 
when companson was made mth a standard in which the progesterone v as 
added to the alcohohc filtrate after precipitation of protein The influence 
of the alcohol-soluble constituents of albumin or serum upon the color 
development was exactly comparable to that found for testosterone Be- 
covery of both testosterone and progesterone, added to globulin before 
processing for analysis, was 100 to 102 per cent of the value found after 
adding these hormones to the respective protein filtrates The accuracy 
of the analytical procedure as of the same order as that found for albumm 

Attempts at ultrafiltration with collodion membranes m ere unsuccessful, 
since both hormones as iv ell as estradiol ivere adsorbed by the membrane 
The adsorption of testosterone and progesterone was virtually complete 
from a saturated aqueous isotonic solution 90 to 99 per cent of the hor- 
mones could be recovered by extraction of the membrane wxth 70 per cent 
ethanol in the case of testosterone and with 100 per cent ethanol (but not 
70 per cent) m the case of progesterone Testosterone was not adsorbed 
by lamb’s cecum (Julius Schmidt Fourex) and w as quantitatively recovered 
m the ultrafiltrate 

Accuracy of Procedure — In twenty-eight pairs of determinations of tes- 
tosterone from water or aqueous sodium chlonde solution in which each 
sample w as processed independently with its ow n set of standards, the mean 
deviation from the mean of the pair was 3 1 per cent, 86 per cent of the 
V lines deviating not more than 5 per cent irom the mean The accuracj 
of the determination w as greatlj increased in the absence of salt In four- 
teen pairs of duplicates evaporated from water, without alcohol extraction, 
the mean deviation from the mean was 2 per cent, no deviation exceeding 
1 per cent For testosterone m albumin or scrum, duplicate values dtvi- 
ited from the mean by less than 4 5 per cent 17 out of 19 times In fijtccn 
purs of duphcatca, in which e ich sample was processed independently with 
its own standard, the mean deviation from the mean was 2 4 per cent for 
progesterone m water, no value deviatmg more than 5 per cent In =alt 
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solution, the mean deviation fiom the mean was 5 pei cent for thirty pairs 
of deteiminations, 90 pei cent of the values agiccing within 8 pei cent 
Foi piogesteione m albumin oi seium solution, duplicate values deviated 
fiom the mean less than 6 pei cent 16 out of 22 times 

Resultt, 

Testoslei one — 37 5°, all values foi the solubility in water deviate from 
the mean of 1 26 X 10~‘ moles pei htci by less than 5 pei cent, the standaid 
deviation of the mean being 0 01 The 3 % theietoie, all agiee ivithin the 
experimental eiioi Change of solvent, as well is variation in concen- 
tiation of solute, is without influence, confummg the puiity of the solute 
In the expeiiments m which cfiuilibiation was maintained foi 110 houis, 
the melting point of the solute is unchanged In the expeiiment in which 
equilibration was earned out foi 319 houis, the melting point is lowered 
0 5°, the solubility lemaimng the same In geneial, the agreement for each 
solvent of the solubility values m the vaiious salt concentiations confhms 
the agieement of icsults in watci, the deviation being slightl}’’ greatei 
Only one value foi 3 89 pei cent NaCl, which deviates 19 pei cent from 
the mean of the other values, is obviouslj'' out of line The results aie given 
in Table I 

At 25 0°, the foui values foi watei obtained by supeisatuiation are m 
excellent agieement 'I’lic undcisatuiation values in 1 0 and 3 89 per cent 
NaCl aie 10 pei cent less than the value obtained fiom supeisaturation, 
but the deviation appioaches the experimental euoi 

In 01 del to be ceitain that the pioduct in solution w'as testosteione and 
not some decomposition pioduct, in aqueous satuiated solution, winch 
had been subjected to equilibiatiou ovei 140 houis, was evapoiated to 
diyness m vacuo at loom tempeiatuie ovei CaClj The melting point of 
the residue was 153 4-154 2°, indicating puie testosteione 

The lesults recoided m Table I indicate that saturation of the solute is 
attained in a coinpaiatively shoit period (70 houis) Befoie tins was 
realized, pielimmaiy experiments, in ivhich equilibiation was earned out 
ovei 500 hours, gave eiiatic results (20 pei cent highei values) and it was 
found that when the result was erratic the melting point of the solute 
had suffered an appreciable lowenng, 3 0° Under these conchtions, the 
results had no significance as to solubility In the case of solubility in 3 89 
per cent NaCl, the melting pomt of the solute wns depressed only 0 5° after 
this long period of eqmhbiation, the results agreeing with those obtained 
on shorter eqmhbiation 

The solubility determinations in water and sodium chloride solutions 
were fiom unbufteied solutions The pH of these solutions varied from 
61 to 7 0 The influence of pH was studied by equilibiation in 0 1 per 



T^blb I 


SolubtUly of Tealoslerone in Aqueous NaCl and NaiSOi Solutions 


Coneexx 
tratioxx of 
solute per 
100 cc. 

EquiUbratioa 

Solubauy, moles per liter X lO* 

Tem- 

per- 

ature 

Time 

Water 

I gm. NaCl 
per 100 cc. 

2 gm VaCl 
per lOO cca 

4 gm. \aCI 
per 100 cc- 

mt 

•c 

hrs 





20 (1) 

37 5 

70 

1 25 (8) 




20 (1) 

37 5 

140 

1 29 (4) 







(m p 154 0) 




10 (1) 

37 5 

70 

1 24 (2) 

1 17 (2) 

1 09 (2) 

0 82 (2) 

10 (1) 

37 5 

140 

1 20 (2) 

1 07 (2) 

1 04 (2) 

0 88 (2) 




(m p 154 0) 

(m p 154 0) 

(m p 154 0) 

(m p 154 0) 

40 (1) 

37 5 

70 

1 28 (2) 

1 16 (2) 

0 98 (2) 

0 S3 (2) 

40 a) 

37 5 

140 

1 24 (2) 

1 11 (2) 

1 07 (2) 

0 81 (2) 




(m p 154 0) 

(m p 154 1) 

(m p 154 0) 

(mp 154 1) 

20 (1) 

37 5 

64 

1 26 (1) 

1 16 (1) 

1 04 (1) 

0 86 (1) 

20 (2) 

37 5 

78 

1 26 (1) 

1 12 (1) 

0 97 (1) 

0 83 (1) 

20 (3) 

37 5 

113 

1 28 (1) 

1 11 (1) 

1 03 (1) 

1 00 (1) 

20 (4) 

37 5 

64 

1 24 (1)* 

1 14 (1)* 

1 05 {1)» 

0 81 (1)* 




(m p 153 5) 

(m p 153 0) 

(m p 153 5) 

(m p 153 5) 

35 CD 

37 5 

264 

1 30 (1) 

1 17 (1) 

1 05 CD 

0 78 (1) 

40 (1) 

25 0 

88 

0 99 (1)» 




40 (1) 

25 0 

91 

0 91 (1)* 




40 (1) 

25 0 

96 

0 97 (!)• 




40 (1) 

25 0 

187 

0 93 (1)* 







(m p 153 5) 



20 (1) 

25 0 

72 


0 76 (2) 

0 67 (2) 

0 54 (2) 





(m p 154 0) 

(m p 154 0) 

(m p 151 0) 

20 (2) 

25 0 

141 


0 74 (3) 

0 74 (3) 

0 54 (3) 





(m p 154 0) 

(m p 153 8) 

(m p 154 0) 

20 (3) 

25 0 

71 


0 81 (3)* 

0 76 (3)* 

0 61 (3)* 





(m p 154 0) 

(m p 154 0) 

(m p 151 0) 

6 (3) 

25 0 

140 




0 63 (4)* 







(m p 153 5) 




0 1 perceotNoHCOi 


2 sa NaiSOi 

l SHuNajSO. 




pH 9 1 M - 0 01 


per too cc. 

per lOQ cc. 

20 (1) 

37 5 

70 

1 21 (2) 


0 92 (2) 

0 66 (2) 

20 (1) 

37 5 

140 

1 23 (2) 


0 S3 (2) 

0 06 (2) 

20 (1) 

37 5 

70 



0 90 (2) 

0 75 (2) 

20 (1) 

37 5 

no 


’ 0 91 (2) 

0 76 (2; 




■ 


(m p 151 0; 

(m p 151 Oj 


The figures la pareuthcses follow jng concentration of solute \aluc 3 (firit column) 
indicate change of sohent, nc , (1) indicates original soUent, (i) indicatcj, the 
second change, (3) indicates the third change of sohent, etc 

The figures inparonthcscs follow ingsolubihte v alues indicate the number of aaal\ ti 
cal determinations Unless noted b> * the i alues arc obtained from undersatura 
tioii When the approach was from aujiersaiuratioa, the solute and sol.ent \ere 
prcequilibrated 2 to 4 hours at 55-00 The ealuts obtained from auperastura lo i 
are noted bj ’ 
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cent NaHCOa The pll of this solution (which had been shaken to reach 
pH equihbiium) was 9 1 The solubility value obtained, 1 23 X 10"^ 
mole pei litei, agiees well with the value of 1 26 X lO"' mole per liter ob- 
tained foi watei The pPI is obviously without influence 
Progesleione, Wafer, and Sodium Chloiide at 37 5° — In contiast to tes- 
tosteionc, equihbiium with piogesteioiie was not attained at 70 hours 
equihbiation but was leachcd at 140 liouis Values attained fiom undei- 
satuiation at 110 oi moic houis and fiom supeisatuiation agiee wuthin 6 
pei cent (mne expeiiments) foi solubility in watei, viz , (4 26 ± 0 05) X 
10"® mole pel htei Neithei change of solvent noi a 1-fold change in 
solute aflected the lesults In salt solution, the agi cement is subject to 
a gieatei vaiiation, appioximately double tliat found foi w^atei This is 
in line with the lesults obtained with testosterone and indicates the error 
introduced by the e\ti action proceduic At pII 9 1 the solubility in 0 1 
per cent NaHCOa solution w as 3 7 X 10~® mole per liter Melting point 
deteimmations of the solute aftci equihbiation were performed in all expen- 
ments and the results in all cases w'cie the same as that for the original 
solute or 0 2° to an evtiemo value of 0 5° higher To demonstrate that 
the dissolved poition had not undergone decomposition, 350 cc of solvent 
weie separated fiom the insoluble solute phase and evaporated to dr 3 aiess 
at loom temperatuie xii vacuo One sample had been equilibrated at 60° 
foi 3 houis, the othei at 37 5° for 80 hours The melting point of the resi- 
due fiom the lattei expeiiment was 127 5-128 5° (coriected), that of the 
former 127 3-128 3° (coirected) The lesults are given in Table II 
Progesleione, Wafer, and Sodium Chloride at 25 0° — In pieliminary ex- 
penments the solubility of progesteione at 25 0° was determined fiom super- 
satuiation The results were paradoxical in that the difference in different 
experiments was gieatei than the expeiimental eiior, duphcate analyses 
of the same expeiiraent checlcing inthin 10 per cent It was finally reahzed 
by studying the solubility both from undersatuiation and supersaturation 
that there were two equilibrium foims of progesteione at 25 0° These 
expeiiments were peifoimed in a cabinet wuth violent agitation by a me- 
chanical shakei Under these conditions the solute phase reci 3 ’’stalhzed 
In the experiments recorded giaphically in Fig 1, the solubility in salt so- 
lution from super saturation leaches a low value at 165 hours, increasmg 
again at 286 houis These low'- values are considerably lower than the high 
value obtained from undersatuiation The high values obtained at 100 
houis from undersatuiation are not maintained in these cases on further 
equilibration It was noted that even when approached fiom under- 
satuiation a crystalhne deposit of progesterone formed on the container at 
the junction of the surface layer ivith the container It was concluded 
that when the low solubility was attained the solution was in equilibnum 
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\vith these new crystals, that when the high solubiIit\ w as -attained, eqm- 
hbnum was controlled by the initial sohd phase It will be noted that m 
the case of water the low value from supersaturation was not attamed 

Table II 


Solubility of Progesterone in Aqueous Salt Solutions 


Initial con- 
centration of 
solute per 
10acc.&ol> ent 

Equilibration 

time 

Condition to produce 
supersaturation 

Solubility moles per liter X 10* 

Water 




mg 

hrs 










40 (1) 

300 

None 

4 2 

(2) 

4 15 

(2) 

3 35 

(2) 

3 15 (2) 

40 (1) 

600 

tf 



4 2 

(1) 

3 5 

(1) 

3 1 

(1) 

40 (2) 

300 

it 

4 35 

(2) 

3 7 

(2) 

3 3 

(2) 

2 45 (2) 

40 (2) 

600 


4 4 

(1) 

3 6 

(1) 

3 1 

(1) 

2 7 

(1) 

40 (1) 

mBm 


3 5 

(2) 

3 0 

(2) 

2 5 

(2) 

2 2 

(2) 

40 (1) 



4 0 

(2) 

3 5 

(2) 

3 4 

(2) 

2 9 

(2) 

10 (1) 



3 5 

(2) 

3 0 

(2) 

2 3 

(2) 

2 0 

(2) 

10 (1) 


** 

4 2 

(2) 

3 3 

(2) 

2 9 

(2) 

2 5 

(2) 

10 (1) 


3 hrs , 49-52“ 

4 6 

(2) 







10 (1) 


3 “ 49-52“ 

4 3 

(1) 







10 (1) 

140 

3 “ 49-52“ 

4 3 

(2) 







10 (1) 

70 

2 5 hrs , 60“ 

4 3 

(1) 







10 (2) 

70 

19 hrs , 60“ 



3 7 

(1) 

3 2 

(1) 

2 6 

(1) 

10 (1) 

3 

None 

6 1 

(2)* 

5 1 

(2)* 

4 8 

(2)* 

3 3 

(2)* 

10 (1) 

6 

(1 

6 3 

(2)* 

5 1 

(2)’ 

4 9 

(2)* 

4 1 

(2)* 




0 1 per cent 



2 gnuNaiSOi 


\KSOt 




pH9l 





10 (1) 


<< 





2 8 

(4) 

2 2 

(4) 

10 (1) 







2 9 

(2) 

2 3 

(2) 

10 (1) 


<( 

3 3 

(2) 







10 (1) 

170 

II 

3 7 

(2) 








The figures in parentheses following concentration of solute %alue3 (first column) 
indicate change of solvent, vt: , (1) indicates original sohent, (2) indicates the 
second change, (3) indicates the third change of solvent, etc 

The figures in parentheses following the solubilitj value indicate the number of 
analjtical determinations U1 solubility data arc for 37 5’, except tho^e indicated 
by *, which are for 59 5“ Solubilit> was approached from undersaturation unless 
preequilibratcd at a higher temperature as indicated in the third column 

(Fig 1) This e\penment was repeated, but the sohent woa separated 
from the solute at the higher temperature used to produce supersaturation 
In this case the solute was m equihbration with the crx atals w hich depoaited 
from the supersaturated solution and the solubihty reache-d a low value 
The melting pomt of the crystals which deposited was 127 S-12S S° (eor- 
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lected) 111 the othei e\peiiinenib, both tliobc in which equihbrium was 
attained tiom undeisatuiation and liom supeisaturation, the solute phase 
aftei cqiulibiation showed no change in melting point or a slight 0 2-0 3° 
elevation 

With the highest value obtained fiom undersatui ation and the lowest 
value obtained fiom supeisatui ation oi by continued equilibration after 
ciystal formation, two sets of solubihty values which agree within the ex- 



Fig 1 The solubility of progesterone in water with increasing ionic strengths, n’ 
of NaCl at 25 0° • indicates solubility values approached from supersaturation, 

O values aproached from undersaturation, X indicates the experiment m which the 
solid phase of solute was removed after supersaturation /x is calculated per liter 

peumental analytical enoi with the Setschenow salting-out law aie 
obtained 

Progesterone has two polymorphic modifications, one melting at 128°, 
the other at 121° These have difteient crystalline forms and aie readily 
intei convertible However, fiom the melting points obtained in the fore- 
going experiments, the two equilibria at 25 0° cannot be explained on the 
basis of the intei conversion of the form with a melting point of 128° to the 
form with a melting point of 121° In the case of AsjOs, three modifi- 
cations, one of which is amorphous, have xvidely different solubihties in 
water It is possible that piogesteione has a third metastable form which 
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exists temporanly as trj’-stallizatioa at 25 0° proceeds from saturated so- 
lution It should be borne m mind that, while progesterone has a readily 
producible melting pomt, it is not sharp, covermg a range of about 1°, and 
this m itself nould fax or the existence of a polymorphic modification 
The solubihty -values obtamed for both testosterone and progesterone m 
aqueous sodium sulfate solution are shghtly lower than the values pre- 
dicted from the solubihty m aqueous sodium chlonde solution on the basis 

Table III 


Solubihlij of TeatoaUrone in Bovine Albumin Solution at Ionic Strength n = 0 155 with 
1 Mg of Solute per Cc of Solvent 


Temperature ^ 

Per cent 
albumin 

pH j 

! 

EquiUbr^Uon 

time 

Solubility 

i 

M p of solute after 
equilib^iUon 

C { 


1 

j 

! krs 

j VUfUs PtT 1 X JO* 

c 

37 5 1 

3 0 

! 5 3 

1 6 

1 10 9 (2) 


1 


53 1 

1 12 ' 

1 11 8 (2) 


i 


5 3 

1 24 

1 11 6 (6) 




5 3 

1 28 

11 9 (2) 




5 3 

40 

11 6 (2) 

153 5-151 0 

37 5 

3 0 

7 4 

23 

14 2 (2) i 




j 7 

I 37 ! 

13 2 (2) 

; 153 0-153 5 

37 5 

3 0 

8 0 

i 30 i 

15 6 (2) ' 




8 0 

1 45 

15 3 (2) 

1 153 3-153 8 

37 5 

1 0 

5 4 

24 

5 4 (2) 


1 


5 4 

38 

j 4 9 (2) 

153 3-151 0 

25 0* i 

3 0 


23 

1 9 3 (2) 


! 


5 3 

32 

1 9 0 (2) 

153 0-153 5 

25 0 

3 0 

5 3 

' 28 

10 7 (2) 




5 3 

1 52 

‘ 10 6 (2) 

153 0-153 5 

25 0 

3 0 

7 2 

1 24 

12 6 (2) 



1 


, -IS 

1 12 3 (2) 

153 0-153 3 


The figures in parentheses following solubilit> \alucs indicate the number of 
analj tical determinations 

* \pproached from supersaturation, after 40 hours equilibration at 37 5’ 


of ionic strength, but the agreement is far closer than it is for solubilities 
of proteins in aciueous solutions of these salts (4) 

Solubiliiy 111 Protein Solution — Ihe solubihtj data lor tc-atosterone in 
solution of crvstallme albumm troni bovine plasma indicate that eijui- 
librium 13 rapidlj reachc“d Vfter 24 hours equilibration, the value lessens 
shghth in each expenment, although the difference mdividuallv is not =ig- 
nificint Ihis difference niav be explame-d on the basis oi protein de- 
naturation .Uthough pH had no effect upon testosterone solubilitv in 
aqueous solution m the physiologic range, pH has a pronounce-d effe-ct in 
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albumin solution In the lange studied, pH 5 3 to 8 0, histidine is lesponsi- 
ble foi the change of base bound pci mole of piotem because of its loni/ation 
constant, and the inciease in solubility may bo i elated to this phenomenon 
Although the solubility of testostcionc in 3 pei cent albumin at pll 7 4 is 
appi oximately 3 5 times that of piogestcione, it is appaiently sigmficant 
that the mcicase in solubility with incieaso in pi I foi the lange pH 5 3 to 

Taulu IV 


Solubility of Pi ogeslorone in Bouinc Albumin Solution at Ionic Strunyth n =0 155 with 
0 4 to 0 75 Mg of Solute per Cc of Solvent 


remperature 

Per cent 
albumin 

pii 

Equilibration 

time 

Si>Iubiht> 

p of solute 
after equilibration 

“C 



hrs 

moles per 1 X 10* 

C 

37 5 

3 0 

5 3 

G 

2 7 (2) 



1 

1 


12 

3 3 (2) 



1 


21 

1 3 4 (6) 





32 

1 3 4 (2) 

i 128 0-128 7 

37 6 

3 0 

7 1 

; 21 

3 8 (2) 

1 




1 38 

1 1 (2) 

127 8-128 5 

37 6 

3 0 J 

: 8 1 

30 

0 2 (2) 




! 

45 

C 8 (2) 

127 7-128 0 

37 6 

10 

1 5 3 

25 

1 3 (2) ' 



1 

1 


39 

1 5 (1) ' 

127 3-127 5 

25 0 

3 0) 

) 5 3 

21 

2 1 (1) , 





36 

1 9 (2) I 




1 

52 

2 5 (4) 





70 

2 6 (2) 





94 

2 6 (2) 

128 0-129 0 

25 0 

3 0 

7 1 

48 I 

3 0 (2) 




1 1 
1 1 

i 72 i 

2 9 (2) 1 

127 7-128 7 


The figures m parentheses following solubihty vilues indicate the number of 
analytical determinations 


8 0 IS viitually identical, viz , 3 8 veii>ui> 34 X 10“^ mole pei htei The 
results aie given in Table III 

In contiast to testosteione, the solubility toi piogesteione in 3 0 pei cent 
albumin solution inci eased aftei 24 houis equihbiation in four of the e\peu- 
ments As was the case foi aqueous solution, this indicates that equi- 
hbiium foi piogesteione ismoie slowly attained than foi testosteione See 
Table IV 

The solubility of testosteione m bovine y-globulin was deteimined at 
ionic stiength = 0 155 w'lth 0 5 mg of solute pei cc of solvent in 3 0 pei 
cent protein solution at pH 7 2 and 37 5° Values foi the equihbiation 
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times of 24 and 44 hours were identical, namely, 2 6 X 10“‘ mole per liter 
This compares w ith a value of 14 2 X 10~’ mole per hter for 3 per cent 
albumm at approximately the same pH A value for the solubihty of 
progesteione in y-globulm under the same conditions could not be 
deteiimned, as it virtually approached that for isotonic saline 

The solubility values foi testosterone and progesterone m rabbit serum 
aie given in Table V Theie appears to be a rough correlation between 
protem content and solubilitj It is apparent that albumin is responsible 
for approximately 70 per cent of the solubihty of testosterone in serum and 


Table V 

Solubihty of Teslosleroru: and Progesterone in Rabbit Serum at 37 


Steroid 

Protem coatent 
of ^erum 

1 pH 

1 Equilibration 
time 

SoIubiIit> 


per cent 

1 j 

hrs 

moles per 1 X 

Teatoaterone 

7 3 j 

8 5 1 

24 1 

35 (6) 


i 7 3 

8 5 

, 1 

31 (9) 


1 6 0 , 

8 3 1 

1 24 

33 (6) 

1 

' 5 8 1 

8 2 1 

29 

28 (2) 

Progesterone 

6 1 f 

1 8 5 

24 

10 9 (4) 


1 6 1 

8 5 1 

44 

12 5 (4) 


6 6 i 

1 8 3 1 

48 

14 0 (4) 


6 6 

8 2 I 

1 72 I 

14 1 (4) 


0 8 

8 2 

29 ' 

9 5 (2) 


6 2 

1 8 3 

21 i 

1 

1 11 8 (2) 


In all cases the melting point of the solute after equilibration was iiithin 0 2-0 5’ 
of that of the original substance The figures in parentheses after the solubility 
values indicate the number of analytical determinations 2 5 mg of testosterone 
per cc of solvent and 1 5 mg of progesterone per cc of solvent were ased mall exper- 
iments 

for approximately 85 per cent of the solubihtj of progesterone m serum 
riie difference is piobably relegated to globulin, which iiad no dispersing 
power toward progesterone On the basis of published cstrogm determi- 
nations ( )) of human plasma fractions one might expect the di-hpoprotem 
friction, wluch was found to contain most of the estrogen activity, to con- 
tribute to the steroid solubilitj 4 he balance sheet for albumin, y-globulin, 
ind lecithin (m the case of estradiol) m our studies leivcs little room for 
the ;3i-lipoproteiii friction The estrogen reported m the di-hpoprotcm 
fr ictioii may be estcrified, and hence mimfest markcxil^ different phv -ical 
properties This iiuestion is at present under investigation \t anv r uc 
the estrogen is reported not to be estradiol 
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DISCUSSION 

The decicase in faolubility pi educed by clcctiolyLcb was hi si described 
in teims of an exponential equation, empirically derived by Setsclienow 
fiom solubility data of gases in salt solution ((>) 

In )S = In So — KC (1) 

in which So IS the thcoietical solubility in -watei, S the solubility m the 
electiolyte solution, C the concentiation of elcctiolyte, and K a constant 
Debye and MacAuley (7) desenbed the activity coefTuients of the solute 
in salt solution, which aie mcasuicd by the deviation in solubility, m teims 
of an equation m mIiicIi activity is loughly jnopoitional to electiolyte con- 
centiation Huckel (8) added to this C([uation a collection foi the change 
in the dielectiic constant of the solution with electiolyte concentration 
The equation desciibing the eflect of the electiolyte on the non-electrolyte 
solubility IS, 

In 7 „ = Dl po)vm, (2) 

in which 7 „ IS the activity coefhcient of the non-electrolyte, N is Avogadio’s 
numbei, c is the pioton chaigc, f the valence, 5n the molai dielectiic incle- 
ment, h, the ladius of the salt ion, Do the dielectiic constant of the solvent, 
po the polaiization of the solvent, v the numbei of cations and anions, and 
m, the moles pei lulo of electiolyte The saltmg-out effect depends upon 
the tempeiatuie, upon the dielectiic constant of the solvent, upon the late of 
change of dielectiic constant with changing concentration of the solute, and 
upon the valence and ladn of the ions 
If the oiiginal Setschenow equation holds, tliese effects aic mcorpoiated 
m its two constants, m which (So is dependent upon tcmpcratuie and K 
combines the saltmg-out effect and saltmg-in effect K holds when the 
saltmg-out effect is laige compaied with the saltmg-m effect 
The values of the constants of the Setschenow equations depend upon 
whether solubility is expressed as the mole fraction, moles pei liter, moles 
pel kilo of solvent, oi moles pei kilo of water and whether concentration is 
expressed as n, the lomc strength of Lewis (9) calculate'd pei kilo of watei 
or that of Debye calculated per litei of solvent While mathematically the 
equation could not hold equally well foi any of these expicssions, expeii- 
mentally the accuracy of fit has been found to be of about the same order 
With the Debye concept, oui data as tieated in Fig 2 are based upon the 
equation 

pS = pSo + A'(r/2) ( 1 , a) 

in which p»S IS the negative logaiithm of the solubility in moles pei htei, 
p(S'o IS the negative logarithm of the solubility in water m moles per liter, 
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and r IS the lonality (double ionic strength) in moles per liter T = IC^- 
in which C IS the concentration of each ion and f is the a alence of the ion 
Frequently the expression iS'o in the Setschenow equation is replaced by 
a constant B, paiticularly when the actual solubihty in water is not equal 
to the value So, which is regarded as a hj^pothetical solubihty obtamed by 
extrapolation So may be more than a constant empincally determined, 
since under certam conditions it becomes one of the parameters in detemun- 
mg the activity coeflacient of the solute, mz , -y = So/S^, inhere y is the ac- 
tivity coefficient. So is the solubilitj’- derived from the Setschenow equation, 
and S'- IS the actual solubihty 

Since the actmty of the solid solute is taken as 1, S'y/l = L, which is 
the mass law m its simplest form In the Setschenow equation, when S' 
is neghgible compared with the concentration of saltmg-out solute. So be- 
comes the solubihty at infimte dilution of both solutes So then equals L, 
since the activity coefficient at infimte dilution is 1, and finally 

S^y = So (3) 

Obviously, So in the Setschenow equation becomes valid for the determi- 
nation of the activity coefficient only if the experimental values gi\e a 
linear extrapolation,' which in itself is a test of the law 
These conditions have been met in the data presented grapluc ill> in 
Fig 2 

If we substitute the solubiht> values as negative logarithms in tlie 
Setschenow ecpiation and take the intercept at 0 lomc stiength as So (or B), 
the vUue for +K for testosterone in NaCl at 37 5° becomes 0 27, foi XaCl 
at 25° it becomes 0 28, and for NaiSOi at 37 5°, 0 31 The intercept at zero 
ionic strength agrees with the xmlue found expenmentallj’’ m water well 
within the expenmental error, shownng that withm this error the actnitc 
coefficient of testosterone is 1 0 The values of +K for progesterone are 
0 32 for NaCl at 37 5° and 0 35 for sodium sulfate The intercept at zero 
ionic strength agrees well with the expenmental xalue obtaincal m water, 
indicating an actmty coefficient of 1 0 for progesterone It will be notcxl 
that the \alues of K for progesterone are in fairh close agreement with 
those obtamed for testosterone, indicating a marked similariu m the re- 
sponse to saltmg-out, although the absolute solubility tallies lor proges- 
terone are about one-third the \ alues for testosterone 

Included in Fig 2 are published (10) and unpubhshcxl data for the sol 
ubiliU of estradiol m iqueous solution at carting ionic 'trcngtlis m tin 
ringe pH 0 5 to SO These t alues were ohi imed bt bioassat, with m 

' ^^hcn S IS not small compared to the concentration of saltini, out solute, Iu„ s 
IS plotted against 5 -r 8 salt or \/a -r S -alt to obt un a line-ir extrapolation 
the solubihtj at infinite dilution for both solutes 
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accuiacy within 15 pei cent 19 out of 20 tunes (J 1) The agi cement of the 
available data with the Setschenow equation is leah/cd within the eiror of 
the assaj'^ +/v in the Setschenow equation becomes .ippioximately 0 20 
In the pH lange studied pll is w'llhout effect upon solubility (10), indicating 
complete hydiolysis, which is consistent with an ionization constant as weak 
as that of phenol Moieovei, the ionization would be less than 0 1 pei 



Fig 2 The solubility of testosteroae, progesterone, and a estradiol in aqueous 
solutions of varying ionic strength pjS is the negative logarithm of the solubility 
in moles per liter /x is the ionic strength of the electrolyte O indicates NaCl 
as the electrolyte, • indicates Na 2 S 04 as the electrolyte ;i is calculated per liter 

cent, so that the estiadiol in solution behaves substantially as a non-elec- 
tiolyte 

Since undei the conditions of out solubilities ot testosteione, pioges- 
teione, and estiadiol, the latio of the solubilitj'^ in watei to that m aqueous 
salt gives the activity coefficient. 

In yn = In - In 5 = f+ 1- S.,/2RTh, po)vm. (1, 2, 3) 

Noiv, since In So — In S' = KC, the saltmg-out constant m the Setschenow 
equation becomes equal to the expiession in paientheses in equation (2) 
In comparing the solubilities of the thiee steroids at the same tempeiature 
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and in the same ionic environment, all the parameters m equation (2) are 
constant except 5„, ivhich is proportional to if m the Setschenow equation 
The molar dielectnc increment of estradiol is, therefore, about ti\ o-thirds 
that of testosterone or progesterone These constants would m all cases 
be negative Smce the molecular model assumed m equation (2) is ov er- 
simphiied, calculated values for the molar dielectnc mcrements could not 
be considered too senousli', but the order of magmtude should be correct, 
however 

Since albumin is in colloidal solution, and smce the other constituents 
of senim which contnbute to the dispersion of the steroids are also m col- 
loidal solution, the question anses as to whether the stenod is adsorbed by 
the colloid or whether it is onented m the solv'ent by secondary valence 
bonds of the colloid The distinction is probably one of degree, but w e are 
more inclined to hold that it is not adsorption, because on the introduction 
of another phase (10) the steroid is m eqmhbnum with the second phase as 
though it w ere in true solution It is interesting to compare the relativ e 
dispersing pow ers of albumin tow ard the three steroids At pH 7 0 to 7 4 
estradiol is 22 times as soluble m 3 per cent albumin solution as in isotomc 
sahne, but this ratio is only 12 to 13 times for testosterone or progesterone 
Testosterone is about 3 times as soluble m isotomc sahne as progesterone 
This latio holds roughlj for solubihty m alburmn m the range pH 5 3 to 
8 0 and in serum at pH 8 3 to 8 5 A comparison of the dispersing power 
of 7 -globuhn with that of albumin for the steroids reveals that for estradiol 
the globuhn is 40 per cent as effective as albumin, but only 12 per cent as 
effective for testosterone The dispersmg power of globuhn for proges- 
terone is ml The solubility of estradiol in 1 per cent isotomc v-globuhn 
solution at pH 7 0 was 3 9 X 10"* mole per hter The weak dispersing 
power of 7 -globulm compared with albumin, as regards the steroid hor- 
mones, IS probably of physiologic sigmficance, emphasizing the umque 
qualities of albumin in binding substances with the polar properties of the 
steroids 

A comp irison of the dispersion of testosterone, progesterone, and estra- 
diol m 1 md 3 per cent albumin solution was made at 37 5° at the same pH 
When solubdity m non-protem isotomc salt solution is subtracted, the dis- 
persion of estradiol is proportional to the protein concentration For both 
testosterone and progesterone, the ratios are 12 7 instead of 1 3 0 Con- 
sidenng the possibihty of analytical errors of 5 per cent, the agreement is 
re ison ibly close On a molar basis albumin chspersCs about 0 5 mole of 
estridiol, 0 7 to 1 5 moles (depending on pH) of progesterone, vnd 2 5 to 3 3 
moles (depending on pH) of testosterone 1 mole of fatty aeid is contamc-d 
per mole of crystalline dbumin and is regirded as ncxessary to ichieve 
crystallization 

The heats of solution or chspersion calculated from the van’t Hoff re- 
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action isoclioi aie given in Table VI The numbei accompanying each 
heat of solution is eithei the standaid deviation of the mean or an approxi- 
mation of this constant Foi piogesteione in watei or aqueous salt solution 
the equilibiium foim having the highest solubility was used in the calcu- 
lation, since the evidence at hand indicated that the solute was in equi- 
hbiium with the oiiginal solid phase In calculating the heat of dispersion 
in piotein solution, the solubility m isotonic saline is subtracted fiom each 
solubility value befoie the calculation is made This value is, theicfoie, 
not a heat of solution, since the dispei'^e phase is in eiiuilibiium not with 
the solid phase but with the aqueous non-pi otein eleetroly to phase The 
heat of dispel sion is, theiefoie, the heat involved in the orientation of the 
steioid by the piotein The heat of dispersion is picsented as a new con- 


Taulc VI 

Heals of Solulioii and Dispcraon of Testosterone, Progesterone, and Estradiol in Water) 
Aqueous NaCl, or 3 Per Cent Bovine llbutnin Solutions 


Solute 

SoKcnt 1 

Beat o[ solution (or dispersion) 



calories per mole 

Testosterone 

Water 

1,300 ± 100 

1 

1,2, or 1% NaCl 

1,400 ± 100 


3% albumin, pH 5 3 

1,100 ± 100 


3% “ "73 

1,900 ± 900 

Progesteione 

Water 

7,300 ± 1300 


1, 2, or i% NaCl 

0,700 ± 1000 


3% albumin, pH 5 3 

3,600 ± 1200 


3% " "73 

5,500 ± 1100 

Estradiol 

0 9% NaCl 

1,300 ± 1400 


3% albumin, pH 5 3 

13,700 ± 2000 


cept, following logically fiom (a) the tempeiatuie coefficients of dispeision 
and (5) the concentiation of stcioid by a protein solution phase separated 
by a membiane from an aqueous non-colloidal phase (10) The heat of 
dispersion of estiadiol by albumin is high compared with that of either 
testosterone oi piogesteione and is fuithei chaiacteiized by its independ- 
ence of pH 

Since testosterone and progesterone Mere determined by the Zimmei- 
mann reaction which does not respond to estradiol and since estradiol was 
determined by an assay which was not sensitive to the amounts of tes- 
tosterone 01 progesterone present, it was possible to determine the mutual 
effect of two steroids on then dispersion by albumin solution This experi- 
ment IS reported in another paper (10), but the results should be considered 
in summarizing the effect of dispersion by protein While estradiol had no 
measurable effect upon the dispeision of the two other steroids, its dis- 
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persion was significantly depressed by the other t\\ o The influence which 
estradiol w ould be expected to have on the two other steroids is probablj’’ 
mthm the expenmental error, since the concentration of estradiol is so 
much less than that of the other steroids, its influence w ould not be meas- 
urable 

In summanzing, one is impressed by the charactenstic differences not 
only m the two proteins studied, but also in the differences in response of 
the three steroids for the same protein These differences are probabl}^ of 
fundamental importance in the distnbution of the steroid in the orgamsm 

SOMJLXRX 

The solubihties of testosterone, progesterone, and a-estradiol in aqueous 
sodium chloride or sodium sulfate solution in the temperature range 25- 
37 5° follow the Setschenow equation, pS = pSo -f Kfi, in which pS is the 
negative loganthm of the solubility in moles per liter, pSo is the negatue 
loganthm of the solubility m water in moles per hter, K is the salting-out 
constant, and n is the ionic strength p5o determined by extrapolation 
agrees with the solubility in water experimentally determined within the 
error of the method used, and so the attnitj coefficients for solubilitj' in 
water are 1 0 within that error \t 37 5°, pSo is 3 90 for testosterone, 4 37 
for progesterone, and 5 0 for estradiol 
Within the range pH 5 to 8, pH is without appreciable influence on the 
solubilitj of the three hormones in aqueous non-protein solution 
At 25°, progesterone solubility depended upon two equilibnum phu-cs 
Testosterone, m p 153 7-154 2° (corrected), and progesterone, m p 
127 5-128 5° (corrected), gave the same respective solubilities wath a 4-fold 
change m concentration or a 3-fold change m solute, indicating that these 
are the melting points for the pure compounds 
At pH 5 3 to 5 5 and 37 5°, the solubilities in isotonic solution containing 
3 0 gm per 100 cc of bonne crystalline albumin were 2 0 X 10~‘ mole per 
liter for estradiol, 3 1 X 10“^ mole per liter for progesterone, and USX 
10~‘ mole per liter for testosterone An increase of pH from 5 3 to S 0 
increases the dispersion of both testosterone and progesterone by 3 G X 10~‘ 
mole per liter The di-5per&ion of estradiol is not affected by pH Bo\ me 
■) -globulin at pH 7 0 had no dispersing power toward progesterone 
The heats of solution or dispersion in the temperature range 25 0-37 5° 
arc calculated from the \ an’t Hoff isochor The heat of dispersion is in- 
troduced as a now concept 

We wish to thank Dr Erwan Schwenk of theSchenng Corpor itioii lor the 
steroid hormones used in these c\penment> and Dr f B Lcsh of krmour 
and Company for the -globulin 
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(Received for publication, February 28, 1948) 

Cohn and hi3 associates (1) introduced new and valuable procedures foi 
fractionating human serum proteins by usmg varymg concentrations of 
ethanol at different hydrogen ion concentrations, low lomc strengths, and 
low temperatures These prmciples were utihzed m fractionatmg the 
serum proteins of control and mjured dogs (2) and rats (3) Dogs mjured 
by turpentme, heat, or sulfur mustard show marked changes m the electro- 
phoretic patterns of their sera and fractions, due m part to the appearance 
of new proteins and to mcreased amounts of hpoprotems Since data 
concermng goat serum are not available, the present study was undertaken 
to determine (a) conditions for fractionation and (6) the distnbution of 
proteins and their associated hpides m the serum of control and mjured 
animals 


Methods 

The descnption of the apparatus used, methods for adjustmg ethanol 
concentrations, lomc strength, pH, the electrophoretic techmque, and 
the analytical procedures have been presented previously (2) 

Small mdividual samples of goat serum were obtained by inthdraivmg 
blood from the external jugular vem Large amounts of serum were ob- 
tamed from the pooled blood of a number of goats which were ev^angm- 
nated under anesthesia Serum was sent to this laboratory^ packed in dry 
ice These sera were mamtamed at low temperature and were thawed 
at 5° just before bemg fractionated 

Groups of goats were gassed (head excluded) wnth the lapor of suliur 
mustard, bi3(|3-cliloroethyl)sulfide (H) and by cutaneous apphcatioii of 
50 mg per kilo of H to the shai ed back A number of goata w ere each 
injected subcutaneously with 0 5 ml quantities of turpentine into ten 

* The work described m this paper was done under contract between the Medical 
Division, Chemical Corps, United States \rmj, and the Um\eraity of \ Hbinia 
Under the terms of this contract the Chemical Corps neither restricts nor is reapon 
siblo for the opimons or conclusions of the authors 
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diffeienl bites Thebe auimula weie exsanguinated 7 days attei injection 
and the blood was pooled Thud degicc bums on about 20 pei cent of 
the body area weie pioduced in othei annuals 

Fi acltonahon Pi ocedures 

The fiist piocedure used foi fractionation was that recommended foi 
human seium (1), the lesults weie unsatisfactoiy except foi fiaction 
II+III Fiactions IV and IV-4 contained practically all of the albumin 

DlAOIlAil 1 

Major Fracltonalton of Serum* 

Sorum 

Ethanol 20%, 
pH 7 0, r/2 0 094 


Supernatant II+III, ethanol 28%, pH 6 0, r/2 0 1 Fraction II+III 


Supernatant IV, ethanol 40%, pll 0 4, r/2 0 1 Fraction IV 


Supernatant IV4,1, ethanol 10%, pH C 0, r/2 0 1 Fraction IV-4,1 


Supernatant IV-4, ethanol 40%, pH 4 8, r/2 0 1 Fraction IV-4 


Fraction V 

* The details of the fractionation procedure may be obtained, upon request, from 
this laboratory 

m addition to the ai- and ao-globulins The yield of fiaction V was 
negligible 

A second pioceduie was developed aftei studying the effect of pH, 
ethanol concentiation, ionic stiength, and the type of salt on the sepaiation 
of the components of the fiactions IV and IV-4 It was foimd that rela- 
tively high concentiations of sodium chloride weie moie effective than 
sodium acetate in deci easing the albumin content of these two fractions 
It was also noted that the a-globulms weie effectively piecipitated at 
relatively high pH and ethanol concentrations The procedures outhned 
in Diagrams 1 to 4 were used for obtaining most of the data presented m 
this paper Five mam fractions could be obtained (Diagram 1) but m 
most cases fractions IV-4,1 and IV-4 Avere combined by adjusting the 
supernatant of fraction IV to pH 6 0 and 40 per cent ethanol 
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Furthei e\penmental «oiL was uodertaken to improve the fractionation 
of IV-4 (includes IV-4,1) since this fraction pelded extremely turbid 
solutions after short penods of storage in the cold, which appeared to be 

Diagkam 2 

Suhfractionalxon of Fraclion IV 
Fraction IV disaohed m 5 times its weight of H.O 

Ethanol 27%, 
pH 5 8, r/20 09 


Supernatant IV-W, ethanol 10%, pH 4 8, r/2 0 073 Fraction IV-W 

1 j 

Fraction IV-Wl 

Dissolve Fraction IV-W in 6 tunes its weight of HjO 

Ethanol 1S%, 
pH 6 8, r/2 0 1 


Supernatant IV K, ethanol 31%, pH 5 8, r/2 0 I Fraction I\ -K 


Fraction I\ -B 


Diccbau 3 

Subfractionalton of PraclxoTis IV-i and II 4,1 
Fraction IV-4 dissolved in 20 tunes its weight of H.O 


Ethanol 30%, 
pH 7 2, r/2 0 1 


! 

Supernatant IV-4A, ethanol 34%, pH 6 S, r/2 0 I 

1 

1 

Fraction It -4 4 

Supernatant IV-lB, ethanol 40%, pH 4 S, r/2 0 0S4 

1 

fraction It -4B 


1 

Fraction It AC 


due to denaturation of ai-glubuhn It was lound that the components oi 
Iractions R -4 and V could be precipitated irom supernatant I\ at JU ucr 
cent ethanol, pll 4 S, and ionic strength oi 0 09 ('Diagram o) \.Ui.r raising 
the ethanol concentration oi the supernatant to 40 per cent, a small prccip- 
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Diaoham 4 

Subfraclionalton of Fraction V 
Fraction V diagolvccl in G times its uciglit of HjO 


Ethanol 11%, 
pU 1 3 


Supernatant V-1, ethanol 19 3%, pll 1 3 Fraction V-1 


Supernatant V-2, ethanol 10%, pll 1 S Fraction V-2 


Fraction V-3 


Diagham 5 

Modification tn jl/a;or Fractionation of Qoat Serum 
Supernatant IV 

Ethanol 30%, 
pH 1 S, r/2 0 1 


Supernatant IV-4+V, ethanol 40%, pH 4 8, r/2 0 085 Fraction IV-4*+V 

I j 

Fraction VI 

Modified Subfraclionalion of Fractions IV-4+V 
Fraction IV-44-V dissolved in 10 times its weight of HjO 

Ethanol 16%, 
pH 4 50, r/2 0 08 


Supernatant IV-4, ethanol 40%, pH 4 8 Fraction IV-4 


Fraction V 

Fraction IV-4 dissolved in 10 times its weight of HjO 


Ethanol 14%, 
pH 5 30, r/2 0 05 


Supernatant IV-4A, ethanol 40%, pH 4 8 Fraction IV-4A 


* Includes IV-4,1 


Fraction IV-4B 
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itate, consistmg of «i-globului, appeared (fraction VI) which yielded a 
very turbid solution The fraction IV-4+V yielded a clear solution 
Experiments were conducted to determme the best conditions for sub- 
fractionation of IV-4-f-V It was found that the globuhns could be 
separated from albunun most effectively at (1) a pH on the acid side of the 
isoelectnc pomt of albumin, (2) low ethanol concentrations, and (3) a 
relatively high ionic concentration mamtamed mth sodium acetate 
High and comparatively low albumm concentrations could be attamed 
for fraction IV-4 without denaturation of the ai-globulm 


Q QccfiTaoL 

0 I M fuel 



Fio 1 Influence of sodium chlondc and sodium acetate on the solubihtj of 
electrophoretically pure goat albumin in the presence of larjing concentrations of 
ethanol 


In order to deternune the effects of 0 1 ii sodium chlonde or sodium 
acetate at pH values below and above the isoelectnc point at vary mg 
concentrations of ethanol, the solubility of electrophoretically pure goat 
albumin was studied The albumm solution (1 0 per cent) was dialjzcd 
at 5° for 4 days against frequent changes of distilled water .^iquots, 
which were adjusted to pH 1 1 and 5 5 with a nimimum of sodium acetate 
m acetic acid buffer to give a fin il lomc strength of 0 005, served a* ‘ salt- 
free" controls Other aliquots were adjusted to the desired pH, lomc 
strength (0 1), and ethanol concentration b\ addmg calculated amounts 
of sodium chloride or sodium acetate and buffers dissolved m 53 3 per cent 
ethanol The precipitates formed at duTcrent ethanol concentrations 
were anal} zed for nitrogen and the results plotted (Fig 1) Tne solubihl} 
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of albumin was nioieafaed bj'’ sodium atctulc .iiid especially by sodium 
chloiide at a jiPI above its isoeleetiie point On the othei liand, at pll 
4 4 sodium acetate inei cased and sodium chloiide deci cased the solubility 
of albumin These data vcic useful in developing the pioccduies foi 
sepaiatmg albumin fiom globulins as shovn in the subfiactionation piocc- 
diues (Diagiam 5) 


IfcsuUs 

Gonliols — A uumbei of seia of eontiol goats ueie analyzed clcctio- 
phoietically The mean values .ind standaid deviations foi tlie mobility 


TvniiU I 

Mohililies* and Pcrctiitago Diah ibuiion of Components in Control Goal Scrum 


Boundaries 

Albumin 

Globulins 

ni 


/» 

7 

Mobilities 

Descending 
(7 goats) 
Ascending 
(10 goats) 

6 9 d: 0 05 ! 

7 5 ± 0 05 

, 5 3 ± 0 01 

1 1 
G 0 ± 0 01 

1 

1 0 ± 0 01 1 

1 7 ± 0 05 

3 0 ± 0 03 

3 G ± 0 03 

1 S ± 0 03 

2 3 ± 0 03 

Per cent distribution 

Descending 

'37 ±25 

ill ±08 

13 ±08 

8 ± 11 ' 

31 ± 0 G 

(10 goats) 

1 





Ascending 

37 ±27 

10 ±09 

12 ± 0 G 

8 ±10 

33 ± 0 G 

(11 goats) 



1 

1 

1 



* In bai bit'll buffer at pH 8 6, ionic stiength 0 1, and temperature 2® evprcssed 
as cm ^ volt'i sec -i ^ Serum diluted 115 


of each piotein component aie shown m Table I This mfoimation scived 
as a guide foi identifying the components in each fi action The vMlues 

loi the peicentage distiibution of the piotein components seived as a 
measure of the degiee of vmiiation foi contiol animals Electiophoietic 
patterns and analyses foi a number of fi actions aie showm in Fig 2 
The electrophoietic patterns of goat seium consistently yield five dis- 
tinct components The lesolutions of the boundaiies aie supeiior to those 
encounteied m the dog and lat The fi actions and subfi actions of goat 
serum also yield patterns which aie well lesolved 

Deutsch and Goodloe (4) have piesented data foi the mobility and 
peicentage distiibution of the piotein components of a single goat plasma 
Then data for mobilities of the descending limbs aie coiioboiated by the 
lesult shown m Table I The seia of the goats used in the piesent experi- 
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1 IG 2 I lectrophoretic pittcrns and analyses of control goat scrum and it'? 
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mentb contained gieatei concentiations of y-globulms and less albumin 
than those lepoited by the Wisconsin investigatois 

Fiactwn //+/// contains piactically all the 7- and /S-globuhns in the 
seium as well as appieciable amounts of a-globulm and albumin Sub- 
fiactions 11-1,2 and II-3 can be obtained as clectrophoietically pure 
7-globulins The mean values foi the mobilities foi 1 1- 1, 2 aie 137 and 
1 5 X 10"® foi descending and ascending boundaiies, icbpectively, coi- 
lespondmg values foi II-3 aie 1 (>9 and 20 X U)"’'’ Foi hiitliei pi oof of 
the presence ot two distinct globulins, .1 mixtuio of i'([ual amounts of 11-1,2 
and II-3, subjected to electiophoiesis foi 5 houis at a potential giadient 
of 6 volts, juelded two distinct component& The-jc two components ap- 
peal to coiiespond to the 7r and yj-globulins dcsciibcd foi human seia 
by Duetsch cl al (5) Subti action 1 1 1- 1 consists of 7-, (i-, and ai-glob- 
ulins Fraction III-3 is composed chiefly ol 7-globulms Fraction 
III-O contains all of the albumin and oii-globulin pie-cnt in Il-f-III and 
in addition is rich m aj- .iiid d-globuliiis Fiaction III-2 always yields 
solutions which aie too tuibid for electiophoiesis Fi actions 11-3 and 
11-1,2 could be lyophylizcd without aftectmg thou solubilities m saline, 
fiactions ni-3 and 111-2 become insoluble undei the same treatment 

Mobility values for the 7-globulin in the subfi actions ol Il-flll are 
invariably gieatei (range 2 0 to 3 2 X lO'-*) than those obtained foi the 
electiophoietically puic 11-3 and 11-1,2 components, which may be due 
to inter action between piotciiis 

Fiaction I\ is obtained in small amounts and is iich in aj-globulin B} 
subfi actionati on, it is possible to concentrate the a^globulm m IV-B and 
the albumin in IV-W,1 

The mam fractions IV- 1 and IV-4, 1 are composed chieflj of ai-globulin 
and albumin Since they arc obtained in small amounts, thej’’ are com- 
bined for subfi actionation according to Diagram 3 .Vn unusuallj high 
concentration of ai-globuhn is piesent m IV- lA Fraction IV- IB is com- 
posed chiefly of on- and a2-globuhns and IV- IC contains most ot the albumin 
of the mam fraction It these three subtractions are allow'ed to stand at 
low tempeiatuies, the ai-globulins become clenatuied and insoluble 

Fi action V is composed chiefly of albumin By subfi actionation it is 
possible to obtain an electiophoietically puie albumm (^^-3) Fraction 
V-1 contains most of the ai-globulm, which is responsible foi the marked 
tmbidity when dissolved Fiaction V-2 contains a small amount ot 
cti-globulin 

Yields ot major fractions imd subtractions of control seium were deter- 
mined in terms of dry weight and as mtiogen Fractions Il-f-III and V 
are piesent in greatest amounts The two puie 7-globuhns, 11-1,2 and 
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II-3, comprise a large part o£ fraction II+III About one-bali ol the 
total alb umin m fraction V could be obtamed m pure form 

Turpentine and Sulfur Mustard — ^Electrophoretic studies of the whole 
sera of goats treated with turpentme and sulfur mustard showed that the 


NORMAL MUSTARD 



TT+iir 


NORMAL MUSTARD 

A 



HT-O 


NORMAL 

02 



IZ 


TURPENTINE 

fit 



turpentine 

NORMAL w 



iz-a 


Fio 3 Ascending electrophoretn, patterns of fractions of sera from control and 
injured goats 


percentage distnbution of t arious protein eomponents is affecte-d slighllt 
liter injiirj Ihe percentage of ^-globulin increases in fractions Il-f III 
and III-O of turpentine and H-gassed goats, but this is not obsenc-tl in 
inimals treated bt cutaneous apphcition of H Increases arc also -ccn in 
/1-globulin m fractions IV and IV-B, these differences can be sCcii in the 
electrophoretic patterns (Fig 3) Daih analjses lor the percentage 
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distiibutious aud concentiations ot pioteins of wliole seia iii individual 
gassed goats are piesented m Tabic II The albumin decreases immedi- 

Tablb II 


Distributions and Protein Concentrations of Scrum Proteins of Coat Exposed to 

Ct 71,000* 


Days after 

Per cent distribution j 

1 Gm protein per 100 ml serum 

treatment 

Albumin 

1 ai 

at 

0 

pm 

Albumin 




r 

0 

54 



1 


3 7 

la 

in 

0 3 

1 1 

1 

42 

■■ 

WM 

G 


2 6 

111 


0 1 

1 7 

2 

37 

13 

11 

10 


2 1 

0 7 


0 6 

1 5 

3 

42 

11 

12 

16 

17 

3 1 

1 0 

0 9 

1 1 

1 2 

5 

39 

11 

12 

11 

19 

2 9 

1 0 

0 9 

1 0 

1 4 

6 

40 

13 

11 

15 

20 

2 5 

0 8 

0 7 

0 9 

1 3 


*Tho expression Ct represents the mg of mustard (6’) multiplied by the time in 
minutes (0 per cu m 


Tablb III 

Electrophoretic Anahjses of Sera of Burned Coals 


Kun No j 

Days after 
burn 

Per cent distribution* 

Gm N per 100 ml scrum 

Albu 
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! ^ 
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i 0 

11 

i 

OS 

0 

31 


I 

44 

12 

1 

G 

21 


10 

1 0 

ij 

' 0 

15 

0 

06 

0 

25 


2 

30 

10 

15 

10 

23 

0 

37 


16 

0 

15 

0 

10 

0 

23 

2 

0 

30 

13 

9 

12 

JO 

0 

37 


10 

0 

11 

0 

15 

0 

44 


1 

26 

13 

13 

14 

34 

0 

26 


13 

0 

IJ 

0 

14 

0 

34 


2 

23 

13 

11 1 

26 

27 

0 

27 


15 

0 

13 

0 

30 

0 

32 

3 

0 

46 

9 

13 

6 

26 

0 

51 



0 

14 

0 

07 

0 

29 


1 

43 

11 

15 


2J 

0 

43 



0 

15 

0 

07 

0 

23 


2 

38 

16 

16 


' 21 

0 

36 


15 

0 

15 

0 

Rg| 

0 

20 
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34 

19 

15 


20 

0 

32 


IS 

0 

14 

0 

ffil 

0 

19 

4 

0 

39 

12 

13 

8 

28 

0 

44 


14 

0 

15 

0 


0 

32 


1 

39 

13 

14 

7 

26 

0 

38 


13 

0 

14 

0 


0 

25 

1 

2 

35 

17 

14 

9 

25 

0 

34 


16 

0 

14 

0 


0 

24 

1 

3 

33 

17 

16 

1 

14 

20 

u 

32 


17 

0 

16 

0 


0 

20 


* Ascending boundaries 


ately and lemains low, the «i- and /3-globuhns mciease and lemain eleva- 
ted duimg the peuod of obseivation 
The yields of fi actions m teims of diy weight and in nitiogen foi a goat 
mjuied Avith turpentine indicate that this injury is responsible foi an 
absolute increase in the amount of fraction II-I-III and a decrease in 
albumin Subfraction III-O, which contains most of the /3-globulm of 
11+ III, mcieased above the corresponding values for the control animal 
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Thermal Injury — Electrophoretic analyses of the whole sera of se\erelj 
burned goats shois that the albumin and y-giobulm decrease, uhile the 
tti- and /3-globuhns increase slightly (Table III) Nitrogen determinations 
indicate that the absolute amounts of albumin and y-globuhn decrease in 
each of four burned goats The /3-globuIin concentrations increased m 


Tvbce IV 

Lipide Analyses in Serum Protein Fractions of Control Goal 


Fraction i 

1 

Total choles 
terol C 

Free cioles- 
terol C 

Pho:>pboIipide 

C 

1 

Total bpide C 

Carbon of lipidc 
comtituents 
accounted for* 


sm ptr cent 

[tn ptr unt 

1 xm per cent 

1 xflt per cent 

per cent 

Serum 

0 7S 

0 13 

1 0 60 

1 2 34 

76 

II+III 

0 86 

0 23 

0 43 

1 220 

79 

IV 

0 94 

0 11 

1 0 97 

I 3 05 

78 

IV-lt 

1 52 

0 IS 

1 1 3-4 

[ 4 35 

85 

V 

0 55 

0 06 

i 0 57 

, J 70 

1 

84 

11-1,2 

0 

0 

1 0 

0 45 

0 

113 

0 

0 

0 

. 0 69 

0 

III-2 

2 47 

0 78 

1 41 

7 35 

67 

III-3 

0 « 

0 21 

0 53 

' 3 00 

48 

1V-W,I 

1 29 

0 16 

1 00 

2 88 

194 

IV- V 

2 62 

: 0 29 

2 37 

7 70 

83 

IV-B 

0 32 

1 0 94 

0 06 

0 48 

103 

IV-1 V 

0 94 

0 10 

0 59 

2 07 

98 

IV-4B 

I 0 72 

0 08 

0 39 

I 38 

108 

IV-IC 

1 0 66 

0 10 

0 S9 

‘ 2 32 

81 

\ 1 

1 

' 2 33 

0 IS 

1 S7 

5 86 

02 

V-2 

0 23 

0 03 

0 60 

2 53 

33 

V3 

0 

0 

0 

0 55 

14 


• Cholesterol + phosphohpalc + ester cholesterol fatty acid carbon (gm per 
cent) 

t Includes l\ -1,1 

onl 3 one go it and the concentration ol at globulin nitrogen mere ischI 
shghtlj' m three of the four exixinmenta 
'^en obtimcHl from goat» 12, 21, 48, and 72 hours ifter burning were 
iriction UchI Ihe percentage diatnbution ot the proteins (htirminc-ii 
from the electrophoretic pattern showed no oiit't unling ch uige 

Lipu/c liia/yMS — ihe d it i lor tot il hpide C, tot il uid irce choh-icrol, 
ind phospholipuie for the scnim, mam Irictioii', md sublractious ot 
control and mjurc*d goats ire shown in fibles I\ md V The concciitra- 
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tious of the lipidc constituents of goat seium fi.ictions .ue low compared 
to those obseived toi simihu fi actions oi dog seium 
In the contiol seium (Tabic JV), hactioiis 111-2 and H^'-A have the 
highest total hpide C conccntiatious of 7 4 and 7 7 pei cent lespectively 
The lowest values aie obseived foi the two elci tiophoicticall> puie 7- 
globuhns, 11-1,2 and Il-d, and tlie aj-globulm-iuli fiaction IV-B and pine 

Tain I \ 

Lipide Anahjsct, of So a and P'lacUont of Goal at I nnjing Inltnah after Burning 


Fraction 

1 After burn 

1 

lotal choks 
tcrol C 

1 rcL cliulcs 
tcrol C 

I’hob 

1. 

^.hob,. 

1 Tot'll linldc Iipiclc 

1 ^ r ^ ^ CODiljtUCIJtS 

I 1 accounted for* 

! 1 


hrs 

itn per cent | 

I itn per cent 

t 

Per cent 

tilt i 

per cent 

per cent 

Serum 

12 

1 0 

G1 1 

1 0 

13 

0 

02 

1 1 

ob 

71 

Il-flll 

i 

' 0 

07 

0 

21 

0 

01 

1 

39 

106 

IV 

1 

1 

35 1 

0 

IS 

0 

S2 

3 

15 

91 

iv-it 1 

1 

0 

75 I 

0 

00 

' 0 

11 ' 

1 

72 

S7 

V j 


0 

11 

0 

03 

0 

03 

0 

3S 

CS 

Serum ' 

21 

0 

70 1 

0 

15 

0 

21 

2 

07 

69 

Il-flll 1 


0 

93 ! 



0 

21 

1 

33 ; 


IV 


3 

00 1 


1 

1 

15 

1 

5-1 j 


IV-1 1 


0 

89 



> 

13 1 

2 

72 ! 


V 

1 

0 

03 1 



0 

20 j 

0 

92 j 


Serum 


0 

69 



0 

30 1 

2 

21 


II-I-III 1 

IS 1 

1 

15 

0 

31 ' 

0 

10 j 

1 

70 ! 

101 

IV ; 

1 

1 

09 

0 

0‘> * 

0 

59 ; 

2 

S7 , 

76 

IV-1 


1 

IS 

0 

2S 1 

1 

21 

3 

SO 1 

SO 

V 


0 

11 

0 

03 . 

0 

12 

1 

2S ■ 

21 

Serum 

72 ' 

0 

SO 

0 

11 

0 

37 

2 

69 1 

50 

Il-flll 


1 

36 



0 

26 

2 

22 


IV 


2 

26 

0 

32 

1 

75 

5 

31 

97 

IV-1 

1 

0 

8S 

0 

13 

0 

67 

2 

70 

75 



0 

01 


1 

0 

02 ' 

0 

•12 



* Fractions IV -1 and V obtained 63 modihed procedure 
t Includes IV- 1,1 


albumin ¥-3 The peicentagc of ficc choiesteiol is gieatest m liaction 
II+III and its siibfiactions, and the laiiations 111 concentiation aic 
loughly piopoitional to those of the total hpide C The two pine 7- 
globulms and albumin contain no choiesteiol The phosphohpide con- 
centiations of the difteient fi actions show laige vaiiatioiis The total 
hpide caibon can be accounted foi as choiesteiol and phosphohpide in 
thiee of the fouiteen li actions showm 111 Table IV It is assumed that 
hpide unaccounted loi is piesent as fatty acids 01 neutial fat 

The hpide analj'^ses of fi actions obtained fiom the seium of goats tieated 
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cutaneoub appht ttion of H inihc ite that no outstanding changes occur 
m lipide distnbution 

Data for the Iipide analjses of the mam «erum fiactions of goats sacn- 
ficed at intervals of 12, 24, 48, and 72 hours after being burned are shown 
in Table V The percentage concentration of total cholesterol of whole 
serum remains fairlj constant After the animal has been burned, the 
cholesterol content of fraction V decreases and the substance is present 
only m traces 

The phospholipide concentrations of the whole sera are consistenth 
lowered The phosphohpide values for all fraction*- are markedlj de- 
creased 12 houis aftei mjurv”, the values for fractious Il-flll and V re- 
mained depressed during the penod of observation, results obtamed for 
fractions IV and IV-4 are vanable The total hpide carbon concentrations 
of the whole sera remam fairlj constant but differ considerablv m the 
various fiactions Constant decreases are noted for fractions IV-4 and V 
after injury 

Hexosamine — The hevosamme concentrations of manv oi the fractions 
of control and injured ammals weie detei mined but ire not li-ted The 
lowest value for a main fraction is 0 72 per < ent for fraction V, the pure 
albumin (V-3) has a vulue of 0 16 pei cent 'fbe highest v'alue of 2 9 per 
cent IS obtained for fraction IV-4 A., which is composed cliieflv of orglob- 
ulin The remaining values vaiy between 1 1 and 2 0 per cent I 
value of 2 8 per cent vvas obtained for a y-globulin-rich fraction (I\-4) 
m dog senim 


DISCUSSION 

Severe injurj m the goat causes relativelj small changes m the distri- 
bution of the protein components of whole serum or it-- fractions and in 
lipide concentrations Ihi-- is in i ontrast to the marked i li ingts notc-d for 
the protein ind lipide distnlnitioiis and eontcntration- m the sera of 
injured dogs Ihcse difference' bet wien the re-pon-e of the go it ind dog 
toinjurj maj leflect the differem C' m the lipidc met iboli'm m herbivorous 
and carnivorous species It miv be postulated that lipidts miv be as- 
sociated with the s3nthesis of certain plasina jirotciiis Irom the-c ex- 
periments wath the goat, it can be issuracal that re-ults obt imt<i lor the 
proteins of goat plasma cannot be ipphed to other 'pccit' 

scviM-vnv 

Xew procedures arc desenbed for separatuig iraitions IV, IV-4, and 
\ and their subfractions irom goat scrum according to principles 
prescntcnl bj Cohn md his associitcs Modifications arc ncccss^irv 
because of the unusual solubilitv of goat serum dbumin 
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The mobilities und peiceutii{^e disUibutioii ot the mam and subfi actions 
of seia ot contiol and injuied (tiupcntmc, bisOi-cliloioetliyl)sulfide, and 
heat) goats aie picscntcd Two 7 -globuhns and albumin can be obtained 
m electiophoicticalty pine foim In addition, hactioiis e\tiemely iich 
m ai- and ao-globuhns can be isolated Analyses foi total and fiee choles- 
teiol, phosphohpide and total hpidc caibon, and hoxosamine are picsented 
foi the seia and fi actions of contiol and injuied goats Only small changes 
aie seen in the concentiations of these lipide components after injuiy 

The authois aie indebted to Maigaiet Gay, Paula S Gjessing, Fiances 
11 Ilaigh, Floience L Jones, and Eh/aboth A I ent/ foi technical as- 
sistance 
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A CELLULOLYTIC ENZYME PREPARATION FR0:M 
AIYROTHECIILVI VERRUCARLl 

BtP R SAUNDERS,* B G H SIU, and R N GENEST 
{Prom the QuaTlermasler Research and Development Laboraiories, Philadelphia) 

CReceived for publication, February 14, 1948) 

Cellulolytic enzyme preparations active against vanous forms of cellulose 
have been reported by a number of mvestigators who have'used a vanety 
of different sources (8) Fungi which have been employed for the prepa- 
ration of such extracts are Sporotnchum carnis (15), Aspergillus oryzae 
(3, 2), Meruliiis lachrymans (9), and Comophora cerebella (7), while bacteria 
have mcluded Bacterium prolozoides (5), Bacterium bosporum (5), Celluh- 
bacillus myxogenes (14), Cellulobacillus mucosus (14), Plectridium cellulo- 
lylicum (10), several species of Cyiaphaga (1), and vanous thermophihc 
cellulose-decomposmg bactena (11) In addition, active celluloljdic 
extracts have been prepared from the mtestmal jmce of the snail Helix 
pomatia (6), from green malt (12), and from the protozoon Eudiplodinium 
neglectum which was isolated from cattle rumen (4) Although the data 
presented by several of these mvestigators are certainly suggestive of true 
cellulolytic enzyme activity, nevertheless these workers m general have not 
conclusively established the cell-free nature of their preparations This is 
of considerable importance m view of failure of other mvestigators to obtain 
cell-free cellulolytic enzymatic preparation from fungi Questions iiere 
raised as to the possibihty of bactenal or fungal containmation durmg the 
period (usually several days or more) of testmg for cellulolytic actmtj 
The present paper describes the preparation and some of the properties 
of a cell-free cellulolytic enzyme from Myrothecium lerrucaria, i\hich has 
been shoivn to be one of the most actu e of the cellulose-destroymg fungi 
isolated from deteriorated fabrics (16) 

ErXPERiaiEXTUi 

Preparation of Enzymatic Extract — ^300 gm of filter paper (E and D No 
015) i\ere ground through a 40 mesh sie\c m a ^Ylley mill and autocla\ed 
m a 5 gallon Pj-rex bottle, to i\hich were added 10 hters of a otcrile ramt.ral 
solution of the composition shown m Table I -Uttr coolmg, the flasl 
inoculated wath 100 ml of a spore suspension of Myrothecium leirucar <i, 
United States Department of Agnculture No 1334 2, contaming about 

• Present addrcis, School of Medicine, Uni\craitN of Southern California, Los An- 
geles, California 
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80,000 spoies pei ml , fiom ji 3 week ciiltuiu ot tlie fungus grown on filter 
paper Sterile aeration was provided by passing the an through a water 
tower and a cotton filter at a rate of about 500 ml per minute At the 
same time, the bottle was shaken at a rate of about fifteen rotary cycles per 
minute m order to keep the ground filter paper in suspension The entire 
set-up was kept m a room maintained at 30° Mter 10 days incubation the 
cellulose-mycelium mixture was filtered on a Buchner funnel, and the 
yellow filtrate containing the bulk of the cellulolytic activity was stored 
at 5° in the presence of toluene as an antiseptic No appreciable loss of 
activity was observed over a period of several months 

Testing Method for Cellulohjlit Activity 

An mdex of cellulolytic activity of the dilTeient prepaiations was ob- 
tamed by the amount of reducing substances formed fiom cellulose under 


Tabli. I 

Composilton of Mineral Solnlwn 



tin 



KH.PO, 

0 20 

^ FedSOda OH.O 


K5HPO4 

0 15 

(\IIdP(Mo,0„)4 

■m 

NaHjPO, H.O 

2 00 

ZnS 04 7H:0 

0 050 

NasHPO^ 

1 SO 

CuSO, SIX 0 


NH 4 NO, 

0 GO 

MDSO4 


NaNO, 

3 SO 

II, BO, 





ml 

MgSOi 7HjO 

0 30 

H,0 

1000 


standard conditions In the test, 5 ml of the dialyzed test solution were 
added to 5 ml of a 0 05 m phosphate buftei (pH 5 0) and 100 mg of de- 
waxed cotton, which had been pulverized m a ball mill for 21 hours 5 
drops of toluene were added as an antiseptic to the mixtme m a 125 ml 
Eilenmeyei flask After incubation for 4 days at 30°, the mixture was 
filtered and the amount of reduemg sugars m the filtrate vas determmed by 
titration (13) 

In order to msuie that the action of the cellulolytic enzymes and not of 
contaminatmg microorganisms is determmed by the method, aliquot 
samples of the enzyme solution were tested with and \vithout sterilization 
by Berkefeld filtration, as well as with and without the addition of fungal 
spores to the test flasks The results given m Table II clearly show that 
the conversion of cellulose into reduemg sugars is not brought about by 
contammatmg organisms 

The percentage of cellulose breakdown, when cellophane and pulverized 
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filter paper and cotton were used as substrates, was also determined m 
several experiments by loss m weight of cellulose, and the values so ob- 
tamed checked withm 20 per cent with those obtamed by titration, assum- 
mg glucose to be the product of the enzymatic hydrolysis 

Properties of Enzyme Preparation 

Extracellular Nature — Experiments were conducted to determine whether 
the cellulolytic enzjTne (or enzymes) was mtra- or extracellular m nature 


Table II 

Cell-Free Nature of Cellulolytic Preparations 


Treatment of enzyme preparation 

Spores added 

1 

Toluene added 

1 

Cellulose 

I breakdoTTa* 



ml 


Untreated 

0 

1 0 



+ 1 

1 0 ! 


Berkefeld filter 

0 

0 



1 0 

1 0 

10 5 

Control 


0 i 

0 

1 

1 1 

10 j 

0 


* Calculated from the reducing sugar formed, assuming glucose to bo the only 
sugar present 


Ti^ble III 

Cellulolytic Activity of Metabolic Filtrate and Mycelial Extract of Myrothccium 

verrucaria 


Per cent cellulose breakdo^m 


Substrate | 

1 Metabolic 
bltrate 
(j) 

M>celial 

extract 

W 

j tJ) + (4) 

Ground cellophane 

23 0 

G 0 

1 23 0 

Pulverized filter paper i 

8 0 

3 0 

! 9 0 

Xylan 1 

11 5 ! 

6 0 ! 

1 


Myrothccium icrrucaria was cultured for 5 dajs on ground filter paper m 
the manner described above The metabohe mixture w as filtered, gi\ mg a 
clear j ellownsh filtrate and a residue of raj celium and undigested cellulose 
The residue was ground with sand m a volume of culture medium equiva- 
lent to the filtrate originally present A third test solution was made 
through a combination of the first two The three solutions .vere dialjzc-d 
igainst distilled v\atcr for 21 hours m cellophane tubing and tcstc-d for 
eelluloljtie ictmtj with different substrates Results of the 5 daj test 
are given ra Table III The figures obtamed strongly suggest that the 
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cellulolytic activity is piesent m the filtiate and not in the mycelium The 
low activity in the so called ‘'mycelial cxtiact” may be due to the filtrate 
absoibed by the lesidue of mycelium plus undigested cellulose 

Tenipei aim e Stahihly and Oplunum — In testing foi heat stability, aliquot 
portions of the same prepaiation at pll 6 0 weie kept for 10 minutes at 
diffeient tempeiatuies and then tested foi activity Results are given m 
Table IV, which indicate that 50° is the thicshold value at which inactiva- 
tion begms 


Tadlc IV 


Heal Slabiltly of Ccllulohjlic Prcparalwn 


Temperature (10 ram standing) 

Cellulose breakdown 

‘C 

ptr cent 

22 

13 1 

30 

13 2 

10 

13 5 

SO 

S 1 

60 

2 7 

70 

0 0 


Tablf V 


Teinpcralurc Opltmuin of Ccllulolylic Preparation 


Incubatiug temperature 

Cellulose breakdown 

°c ; 

per cent 

0 

1 7 

3 

G 2 

25 

13 9 

31 

13 9 

40 

16 0 

50 

1 2 


The optimum temper atuie foi enzymatic action was studied by meu- 
bating the enzyme-buff ei -pul veiized filter paper mi\ture for 4 days and 
deter min ing the percentage conveision of cellulose into reducing sugars 
The results show an optimimi around 40° (Table V) 

pH Siabthly and Optimum — ^The stability of the ci ude enzymatic solution 
was also studied Diffeient solutions weie adjusted to then respective pH 
values with dilute hydiochloiic acid and sodium hydrovide, allowed to 
stand for 48 hours, readjusted to pH 5 0, then assayed for cellulolytic 
activity m the usual mannei The results of the experiment, given in 
-Table VI, show rapid inactivation beyond the limits of pH 5 0 and 9 0 
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A senes of 0 05 ii phosphate buffers of pH 4 0, 5 0, 6 0, and 7 0 was pre- 
pared to determme the pH at which the greatest rate of cellulolytic action 
takes place Various enzymatic ahquot solutions i\ere adjusted with 
phosphonc acid and sodium hydroxide to the same respective values The 
cellulolytic activity at these vanous pH values vas tested against the 
pulvenzed dewaxed cotton m the usual way The results m Table VII 
indicate a pH optimum of 5 5 


Tabli. VI 


Slabihty of Enzymatic Preparation at Different pH Values 


pH (48 hrs standing) 

Cellulo e breal.do^ 


fer cent 

1 0 

0 0 

3 0 

2 7 

5 0 

' 8 5 

7 0 

11 6 

0 0 

8 4 

11 0 j 

1 0 0 

13 0 

0 0 


1 VBLE VII 

Optimum pH of Cellulolytic Enzymes 


pH 

Cellulose bica^doTra 

1 


4 0 

per cent 

i S 5 


5 0 

1 14 3 


6 0 

1 14 2 


7 0 

6 9 



Concentration Curve — Dialyzed metabohc filtrate from \fijrothccium 
verrucaria groiin on ground filter paper iias concentrated at 20 nim 
mercury \acuum at a bath temperature of 10-50’ lor b hours to one- 
fiftieth of its original colume Different dilutions ot this concentrate \Ncrc 
tested for their cellulolytic rates against puherized filter paper The 
results are plotted m Fig 1 

Product of Enzymatic Brtal doun — 250 ml of the enzymatic preparation 
tad 250 ml of 0 05 m phosphate buffer, pH 5 0, ^\ere tdded to 5 0 gm oi 
puhenzed de\\ v\ed cotton Vftcr the vddition of 10 ml oi toluene as m 
antiseptic the stoppeicd Erlenmcycr flask N\as mcubaic-d for 11 da\s it 
30’ with daily gentle sinking Shaifer-^joniogyn titration oi the met ibohc 
filtrate at the end ot the incubation pcnotl showed a coiucrsiun oi 22 9 jxr 
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cent of the cellulose into reducing sugais, calculated as glucose 100 ml 
of the filtiate, containing 250 mg. of glucose according to the titration, 
weie concentrated in vacuo to 7 ml The osazone was piepared with a 
yield of 215 mg , and aftei two icciystallizations from 50 per cent ethanol, 
melted at 201-203° ' A simultaneously picparcd glucosazone showed a 
melting point of 200-202° wnth a mixed melting point of 197-201° Cello- 
biosazone gave a value of 190-198° and a mixed melting point of 180-185° 
These data clcaily indicate that glucose is one of the mam pioducts from 
the enzymatic bicakdown of cellulose 



RELATIVE ENZYME CONCENTRATION 

Fig 1 Effect of oiizymo concentration on rate of coflulolytic action 

SUiMJLVRY 

A method has been desciibed for the prcpaiation of a cell-free enzymatic 
piepaiation fiom the fungus, Myiolhecium verrucana, capable of degrading 
cellulose The cellulolytic enzyme (or enzymes) was extracellular, with 
an optimum tempeiatuie of 40° and an optimum pH of 5 5 when actmg on 
cotton It IS lapidly inactivated at tempeiatures above 50° and at values 
beyond the limits of pH 5 0 and 9 0 The mam breakdown product from 
cellulose was shown to be glucose 
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It has been reported recently (1, 2) that phenyMainneless, tyro&ineless, 
and leucineless mutant strains of Escherichia coh ma^ utihze, for groivth, 
peptides of the appropnate ammo acid These peptides do not exhibit 
any greater groirth-promoting action, ho\\e\ er, than is shown bj the parent 
ammo acids It was suggested, therefore, that, prior to utihzation for 
growth, the peptides are hydrolyzed by the bactenal cnigunes, thus hber- 
atmg the ammo acid required as a growth factor In the present com- 
munication there are reported the results of a studj of the utilization of 
peptides bj tii o prohneless mutant strains of Escherichia coh Of especial 
interest is the findmg that, for one of these tivo strains, prohne peptides 
are much more efifectu e growth factors than is prohne itself 
The origin of the two prolme-reqiuring mutants (strains G79-1S3 and 
G79-6G2) has been descnbed by Tatum (3) Both strains are double mu- 
tants of Escherichia coh stram Iv-12, and reqmre threonme as well as prohne 
The present discussion will be limited to the prohne requirement, and all 
tests were made in the presence of ample nn-threomne (0 5 mg per 10 ml 
of medium) to support optimal giowth 
As reported b} Tatum (3), the mutants exhibit different requirements 
for prohne, strain 679-183 grows only in the presence of prohne, while 
strain 679-GG2 can use glutamic acid in plate of prohne Neither stnm 
can use ornithine, irgmme, or hydioxyprohne in lieu of prohne (3) For 
comementc, strain G79-1S3 wall be referred to here is stnm I, the prohne- 
reiimring mut int, iiid strain G79-002 wall be termed stram II, the prolmc- 
glut miic acid-iequiring mutant The ixailabihtx oi two such mutants 
has made it possible to lompare the utilization of the same peptide b\ 
strains which differ in their growth requirements and, aLo, to compare the 
ctficacj of peptides of prohne or glutamic acid is growth factors lor a single 
strain which grows in the presence of cither amino acid 

1 he rate of growth of the two struns m a complete sjnthctic medium is 
quite different , m the presence of prolmc, the growth of strain I is considcr- 
ibh more rapid than that oi strnii II m tlie presence of prohne or ol glu- 

• These studies were aided bj grants from, the WiUiains-Wstennsa Kurd of the 
Itescarch Corporation and from the Rockefeller Founda’ion 
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taniic acid Ebsentially Loniidelu giowtli ol bLiam I la obtained within 24 
houib at 30° 01 w'ltlun. 4S houib at 25°, while with htiain II 01 liouia aie 
lequiied ioi complete giow'th at 25° 

Anothei dilfeience between the two mutiintb lioa in the btability of the 
mutations lesponsible foi the pioline leciuiiement Sliam I is (juite stable 
and may be cultuied foi 3 days at 30° witlioiit 11113 detectable change in its 
pioline lequiicment Sham II, howcvei, is lelatively unstable and often 
loses its piolme-glutamic acid lequucment m 18 horns at 30° 01 m 72 houis 
at 25° While the strain appaientlj'’ legains the ability to s^ntlicbue pro- 
line and glutamic acid, it does not show aii}’’ ( liaiige 111 its lequiienicnt for 
thieomne 

Since it was desiiablc to compaic the activity of inohne peptidca as 
giowth factois foi stiiuns 1 and II, gtowlh tests with both strains were 
conducted m coloiimetei tubes incubated at 25° foi a total of 01 houis, and 
the extent of giowth w'as measuied at 18 and 01 liouis by densit} determi- 
nation with the Evelyn photoeleetiic coloiimetei J'Aen undei these con- 
ditions, howevei, sham II occasionally ie\ cited to the piototioph 
Therefore, at the same time that the densitj was measuied, loutme tests 
foi such leveision weie made by steiile tiaiisfei ol a loopful of the bacterial 
suspension fiom the colorimetei tube to 10 ml of minimal medium (con- 
taining threonine) Detectable giowth m the minimal medium aftei 21 to 
30 hours incubation at 25° w'as taken as evidence foi the loss of the mu- 
tation When this occmied, the compound was letested until leliable 
data were obtained 

In all other lespects, the methods employed foi the stuily of the growth- 
piomotmg activity and of the possible spaimg action of test compounds, 
as well as foi the determination of the quantitj' of active compounds le- 
quiied to pioduce half maximal growdh of the mutants, weie similai to 
those desciibed previously foi the leucmeless mutant of Escherichia coh (2) 
As befoie, the lelative activity of a peptide oi ammo acid deiuative as 
compared to that of the parent ammo acid was calculated fiom giowdh 
cuives obtained at the same time 

Undei the speciSed expeiimental conditions, the quantit}^ of n-piohne 
required by strain I foi half maximal grow-th m 48 houis is 0 24 miciomole 
pel 10 ml of medium and, at 04 houis, it is 0 23 miciomole Stiain II 
requned, foi half maximal giow'th at 48 houis, 0 5b miciomole of n-pioline 
orl Omiciomolesof n-glutamic acid At 64 horns the leqimement of strain 
II IS 0 44 miciomoles of L-piolme 01 0 44 miciomole of n-glutamic acid It 
may be seen fiom these values that, although the efficacj’' of piolme and 
glutamic acid as groivth factois foi stiain II is the same at the end of 64 
hours, the response to glutamic acid is veiy much less than is the lesponse 
to pioline when the two are compared at 48 hours 
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It has been noted previously (4, 5) that some prohne peptides readilj 
undergo cjchzation to form diketopiperazmes In testing such peptides 
for their utihzation by the mutant strains of Escherichia colt, it was essential 
that solutions of the test substances be stenhzed bj' filtration through a 
bacterial filter rather than bj autoclavmg 

Response of Slrain I to Prohne Deriiahies 

Prohne Peptides — ^.Vs ohowm in Table I, all of the di- and tripeptides 
tested with strain I under the conditions outhned above were foimd to be 


Table I 

Response of Strain I to Prohne Peptides 

Unless othenvisc noted, all prohne peptides were tested bj adding filter stenhzed 
solutions of the test compound to autoclaved media 


Compound* 


L Prohne (6) 

L Prolylglyome (4, 7) 

L-Prohne + gljcinc 
I -Prolyl-L-leucine (4, 7) 

L-Prolyl-L glutamic acidt 
L-Prohne + L-glutamio aeid 
L-Prolyl-L-tyrosine (4, 7) 
Glycjl-L-prolme (8) 

“ t 

Glyeyl l prohne diketopipcrazinc (o)t 
Glycyl-L-prolylgl> cincf 
Diglycj 1-L prohne (5) 


per 10 ml for baJf ma^^al groTrih 

j CS hra j 

a bn 

1 muroatlct j 

aiersm ’<t 

0 2i 

0 23 

0 12 

0 00 

' 0 24 of each | 

1 0 23 01 each 

' 0 18 

I 0 17 

0 10 

0 OS 

0 24 of each 

1 0 25 of each 

0 12 

1 0 00 

0 11 

i 0 115 

' 0 84 

1 0 30 

2t (Co ) 

17 3 

0 075 

0 07 

0 10 

0 06 


* The figures in parentheses refer to bibliographic reference numbers 
t The sjnthesis of this compound is described in the text 
t The solution of this substance was sterilized h\ autoclaviiit, 

more active than prohne llus increased activity is observed at both the 
IS and hi hour readings, as is noted m lablc I, ind is detectable within 2-i 
hours as well, although complete growth is not ittained at this lime It 
in iv be idded th it the rcl itiv e activ ily of i -prolv 1-L-glut imic u ul is c\ a 1 1 
tlie 'line when the tests are conducted at as that notcil it 23’ 

'Ihe effect ot mtoclaving on the activatv ot prohne pcptidcs mav be 'Cen 
trom the dita given in T iblc I lor glvcvl-i -prohne Vlthuugh glvtvl-L- 
prolinc dikctopiper unit is in letivi growth f ictor lor 'tniii I, it i' ibnut 
150 times It" leiivi th in is i fdtir sierilizeti solution ui ilm irtx uiixpi dt 
When tile ! itter eoinpoiiiid i' iiitix 1 ivcil, it lots mui !i oi Us otivii tiid 
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this loss may be iisuibcd to tlie loimation of tiio liiketopipeiiizine during 
heating in the autoclave It would appeal that the dikctopipoia/anfi ring 
must be opened by the mutant beloie the i yi lu t umpound can be Uacd foi 
gi ow th 

The high lelative activity ol all ot the piohne peptides foi atiaui I cannot 
be due meiely to the fact that they pi ovule a ■^ouice ot ammo nitiogen, oi 
ail ammo acid othei than jiioluie The data in Table I ihou that, when 
piohnc IS supplemented with eciuimolui amounts ot gljcine oi of i--glutaniic 
acid, the cileet on giowth is no gieatei than that cauied by n-piohne alone 
A leasonablo evplanatioii of the data 'leem-* to lie that, m the eaie of strain 
I, the piohne peptides can be utilized as such and maj be incoi poiated into 
cellulai pioteuis wnthout piioi hydiolysis to }ield piohne 

The activity of piohne peptides loi stiam I is not a gcneial phenomenon 
foi the biochemical mutants ol Eschciichia toll stiam K-12 As will be 
showm m a latci section of this papei, stiam II does not exhibit the same 
giowth response to piohne peptides as that lound foi stiam I further- 
moie, tests wnth a Uji o&indet>i> strain (1) showed that L-piol>l-i -tyiosine is 
no moie active loi this stiam than is L-t,\ losine, and, m the case ot a Icutinc- 
less mutant (2), n-pi olyl-L-leucine is no moie ictive than is n-leucine 
Ilow^evei, when the piohnelcss stiam oS-Oi517 (9), which leipiues piohne 
and biotin but not thieonme, was tested with n-piolme, i -piolylgljcme, i- 
piolyl-L-tyiosme, L-piolyl-L-glutamic acid, anil L-piohne supplemented 
wuth L-glutamic acid, the lesults weie identical with those obtained mth 
stiam I This may bo taken as evidence to show that, although the Es~ 
chenchia colt stiams I and 58-G3i7 diffei with icspcct to then lequnements 
foi biotin and tlueonme, the mutation lesponsiblc foi the piohne reciuire- 
ment is the same in the twm mutants 

Oihei Prolinc Deiiuatives — In addition to the peptides listed above, a 
numbei of othei compounds contaimng piohne weie tested for then effect 
on the giowth of stiam I It will be noted fiom Table II that the lelatue 
activities of piolmamide, acetylpiohne, caibobenzoxyglyc} Ipiolme, and 
caibobenzoxj'^piolylpiolme aie similai to the data obtained loi analogous 
deiivatives of tyiosme, phenylalanine, and leucine when those weie tested 
with the appiopiiatc mutants (1, 2) It is ot mteicst that piohnamide 
appeals to undeigo tiansfounation when it is autoclaved in the minimal 
medium The lelatively high activity of such autoclaved piepaiations is 
in shaip contiast to the low activity of hltei-steiihzed solutions of this 
substance It may be added that when piohnamide liydiochloiide is 
autoclaved in watei and the lesiiltant solution is added to the autockued 
medium, it exhibits the same giowth-piomoting activity as does the filtei- 
steiihzed mateiial 

The behavioi of acetyldehydiophenylalunyl-L-piolme is also ot special 
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tabi^l n 

Response of Strain 1 to Dencaltces of ProUne 
Unless otherwise noted, the compounds were dissolved m the medium and steri- 
lized by autoclaving 

In this table, — indicates that the compound was inactive at the specified time, 
+ indicates that the compound was active but did not give half maximal growth at 
the highest concentration used m the test 


Compound* 

Quanuty per 10 
mL» for hiU 
groTth 

\fanmat 

quantity, per 10 
mL ns&d la 
ttttf 

Ecoszlu 


48 iirs 

« hn 


L-ProUne 

n-Probnamide HCl (6) 

“ t 

micr^ 

metes 

0 24 
9 8 

vticr^ 

molts 

0 23 
6 7 
+ 

muroTnoles 

19 9 10 1] 


Acetyl-n-proline (10) 

— 

- 

19 1 

No sparing action 

Carbobenzoxy-L-prolyl-L-pro- 

+ 

4* 

14 5 [0 071 


line (4) 





Carbobenzoxyglj cyl-n-proline 

+ 

4* 

26 1 [0 18] 


(8) 





Acetyldehydrophenylalanyl 

4 3 

4 1 



L prohne (11) 





Acetjldehydrophenylalanyl l- 


+ 

16 5 [0 05) 


prolinet 





■kcetyl L phenylalanyl L-proline 


4" 

9 9 [0 06) 


(11) 





Dehydrophenj lalanyl l prohne 

- 

__ 

17 6 

No sparing aetion 

diketopiperazine (12) 
Hydro\y-L-proline (6) 



33 1 

(( M II 

Glycylhjdroxj-L-prohne (9){ 

- 

- 

26 6 

<< 11 14 

L-Argimne HCl 

— 

— 

14 3 

<< (( II 

L Ornithine 2HC1 


— 

14 6 


n Glutamic acid 

— 

' — 

6 8 

tt (1 II 

I Glutamine (13) t 

— 

— 

6 9 

ti H II 

I Glutamyl l glutamic acid (14) 

- 

— 

3 6 

tt i it 

filjcjl-n glutamic acid (15) 

— 

— 

16 1 

tt it tt 


• The figures in parentheses refer to bibliographic reference numbera 
t The figures in brackets denote the amount of proline, in micromoles per 10 ml , 
which produces the growth obtained with the maximal quantitj of test substance 
emploj ed 

t ■V filter sterilized solution of this substance wes added to the autoclatid me 
dium 

interest When a iiltcr-atenlized solution oi this tornpound is usea, the 
growth of blriin 1 is extrenicK slow Howeter, when the eoni pound -s 
dissohed in the niinimal medium and stcnhze-d bj autoelatnng, it exhibits 







710 


PUOIilNI'.IiRSb MUTAN'IS OF I COM 


a maiked giowth-piomoting action On the othei hand, similarly auto- 
claved bolutioub of acetyl-L-pheiiylalaiiyl-u-piolinc ha\c vciy slight .ic- 
tmty and dehydiophcuylalanyl-L-piolino dikctopipcia/mc is inactive It 
appeals lilcely that, in the pioccss of autoclaving, acetyldehydiophenyl- 
alanylpiolinc is hydiolyzed (10) to yield the coucsponding ketoacylaniiiio 
acid, phenylpyuivyl-L-piolme, which might then he icsponsible foi the 
obseived activity If this weie so, stiain I could eithei hydioly/e jihenyl- 
P3auvylpioline to give pioline oi aminatc it to toiin phenylaLui^lproline 
In this connection it may be noted that pievioiis woik (1) has shown that 
the phenylalamnelct>s mutant could not utilize phcnylpyiuvylglj cine in 
place of phenylalanine, and this ohbCivation was taken to indicate that thiii 
fatiam was unable eithei to hydiolyze oi to aminale the kcto icylamino acid 
An autoclaved solution of acetjldehydiophenjlalanjlpiohne, which was 
active foi btxain I, was inactive foi the phcnijlalanindciiS strain 

The othei compounds listed m Table I showed no detectable cflect on 
the giowth of btiain I undei the c\peiimenlal condition', employed 

Response of Strain II to Denualives of Fiohnc and Glutamic Aud 

As IS shown in Table III, although the addition ol L-piohne to the mini- 
mal medium pioduces a much fastei initial giowth of stiam II than doc* 
the addition of L-glutanuc acid, the activity of these two imino acids is 
exactly the same on a molai basis when growth is complete at 01 houis 
An equimolai nuxtme of pioline and glutamic acid iloes not gi\e as lapid 
giowth as does the equivalent amount of piohne, 0 30 miciomole of L-pro- 
hne plus 0 3G miciomole of L-glutanuc acid is needed to pioduce halt max- 
imal giowth in 48 horns while only 0 50 miciomole of L-pioline is needed 
to produce the same effect The nuxtuie, howevei, gives much moie lapid 
growth than an equivalent amount of L-glutamic acid, the cjuantiti ot l- 
glutamic acid lequued foi half maxmial giowth in IS houi-s is about 1 9 
nuciomoles At 64 houis, the nuxtuie has appioximately the same ac- 
tivity as eithei of the ammo acids alone 

When prohne and glutamic acid are supplied as the dipeptide L-piolyl- 
L-glutanuc acid, the imtial giowth late is veiy slow, and half maximal 
giowth IS not attained in 48 houis, even m the piesence ol 12 3 nuciomoles 
of the dipeptide Rapid giowth occuis in the peiiod between 48 and 64 
houis, and at the tmie of the hnal leading the dipeptide is almost as active 
as a mixtuie of the constituent anuno acids It would appeal, theiefoie. 
that the dipeptide is hydiolyzed befoie the pioline and glutamic acid can 
be utilized foi the giowth of stiain II 

Other Prohne Peptides — Unlike stiain I, stiam 11 utilizes peptides othei 
than prolylglutamic acid veiy pooily The compounds tested show'ed little 
01 no activity m 48 hours and glycyl-L-pi olme and diglycyl-L-prolme, 



TlBtB III 

Response of Strain 11 to Benvaitves of Proline and Glutamic Acid 
Unless otherwise noted, the compounds were dissolved m the medium and steri- 
lized by autoclaving 

In tins table, — indicates that the compound nas inactive at the specified time, 
+ indicates that the compound was active but did not give half maximal growth at 
the highest concentration used m the test 


Compound 

Quantity per 10 xnL, for 
marimal growth 

Mxemul 
Qiuntiiy, per 

10 tsL 0 ^ a 
test 

Remarks 

tS hr» 

1 64i Im 


tntcrcmolts 

muremaUi 

1 muTcButa 


L-Proline 

0 56 

0 44 

1 


h Glutamic acid 

1 9 (Ca ) 

0 44 



L-Prolme -p n-glu- 

0 36 of each 

0 23 of each 



tamic acid 





ir-Prolyl-L-glutamic 

+ 

0 31 

12 3 


acidf 





L-Prolinaimde HClf 

— 

— 

20 0 

No sparing action 

L-Prolylglyoinet 

- 1 

-f- 

17 4 [0 09)t 


L-Prolyl-L-leucmef 


22 (Ca) 

22 0 


n-Prolyl-L-tyrosinet 

— 

-h 

10 8 [0 21t I 


Glyoj l-i>prolinet 

d: 

10 (Co ) 

17 4 


Glyoyl n prohne di- 

- 

- 

19 5 

No sparing action 

ketopipcrazmo 





Diglycyl-L-prolmat 

+ ! 

9 (Co) 

19 4 

i 

I, Glutaminef 


0 57 



n-Isoglutamine (14) 

1 ± : 

20 5 (Co ) 

20 5 


L-Glutarayl-L glu- 


0 35 



tamic acid 





L Glutamyl-n-phon- ! 

± 

0 70 

10 3 


ylalaninc (1) 




1 

h Glutamyl-n tyro 

+ 

0 75 

10 3 


Bine (17) 





Gl> cyl-L glutamic 

9 5 

0 57 



ncid 





Glycyl-n-gtutamic 

- 

1 + 

26 0 [0 0815 

1 

acid diketopiper- 


] 

1 

1 

azine (IS) 


1 

1 

1 

j 

Gl> c>l-i.-glutani>l- 

- 

+ 

. S 2 10 2J5 


n tyrosine (19) 



• 

Vcctjl L glutamic 

- 

- 

20 5 

No sparing action 

acid (20) 




I krginino HCl 

- 

- 

14 3 

1* *i t4 

I Ornithine 21101 

— 

- 

14 7 

II Jl (* 


• The figures in parentheses refer to bibliographic reference numbers 
t V filter sterilized solution of this substance was added to the autoclaved 
iiiediuni 

The figures in brackets denote the amount of prohne (I) and the amount of ^lu 
tainic aeid (§), m micromoles per 10 ml , which produce the ofowth obtained wi'b 
the maximal quautitj of test substance cmploj cd 
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which exhibit the highest iictivit}', me only about 5 jici tent as active as 
L-piohne'at the lime of the linal lending 

The icsponse of btiam 11 to piolme peplides is untxptded in view of 
caihci cxpeumcnlb which showed that peptides have giow th-piomoting 
piopeiticb which compaie tavoinbl> with tho-'e ot tlie patent amino aticlb 
foi the phcni]l(ilaninch'i>ii, l)jrounclci>t,, and Icuanihst, mutant stiaina of 
Eicheiichia coli Vb will bo bhown below, bliam II ib able to iibc peptidcb 
ot glutamic and without difficulty and it is piobahlt, theietoie, that the 
leadv utili/aition ot i -piolj l-i.-glulami< at id 1)> thib btiam bhould he .is- 
cnbcd to the piCbeme of a glutamu add lebidiie m the* peptide The 
blight icbpoiibo ot btiam II to othei pioline ])eptideb suggCbtb that the mu- 
tation lebpoiibihle foi the piolme-glutamii and leiiiniemeni may liiuc 
alteied m bome wav the abihti ot E-^chri il/iki loU to iitih/e peptidcb of 
piohnc 

Glutamic Acid Dei tvalivci>- 'I’he data m d'.ible 111 bhow that i -glutamine 
lb bupeiioi to L-glutamic acid as a glow Ih fac toi w hen tlu t w o aio compaicd 
at IS houib, but ib bhghtly Ic^-b active than the tiee immo acid at b-l houio 
On the othei hand, n-iboglut.immc exhibits onlv slight activit}, nuggebting 
that the hjcholysis of the «-amtde linkage is a pieieciuibite loi the utili- 
zation of this buhbt.incc The low activitv ot iboglutamine is bimilii to 
that of the amides ot the ammo acidb ie(|Uiied bv the mutantb studied 
pievioubly (1,2) 

L-Glutamyl-L-glutamic .icid pioved to be the mosi active ot the glutamic 
acid pepticleb mvofatigated On <in er(Uimolai basis, it is twice as active as 
L-glutamic acid at 48 liouis but, at 01 liouis, it showb onl> about SO pei 
cent of the actmty of glutamic acid The lattei iclatioiibliip was also 
found to exist between L-tyiObyl-L-tyicisine .ind L-tyiosine when these weio 
tested with the lijiofineless mutant (1) 

The chfficultj’^ with which stiain II utilizes piolme peptides is bi ought 
out by a compaiison of the activity of n-glutam\ 1-u-glut imic acid and of 
L-pi olyl-L-glutamic acid The mutant gives halt maximal giowth in IS 
houib with 0 95 miciomole of glutamylglutamic .icici but halt maximal 
giowth does not occui in the piesencc of as much as 12 3 miciomolcs of 
piolylglutamic acid If one asbumes that both dipeptides must be hj'- 
drolyzed by the mutant piioi to utilization toi giowth, and m view ol the 
gieatei giowth-piomoting activity of piolme as compaied with glutamic 
acid, the piesence of a piolme lesidue m a peptide clcailv i educes the late 
at which stiain II can hydiolyze the peptide 

The othei peptides of glutamic acid which weie tested, with the ex- 
ception of glycyl-L-glutamic acid, showed little giowth-piomotmg action 
during the fiist 48 hocus At 04 houis, howevei, all showed some actmty, 
and the final values weie similai to those found toi the phenylalanine, 
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tyroaine, and leucine senes in that the chpeptides are \ ery actu e and the 
longer peptides less activ e The data in Table III thus offer further e\n- 
dence for the neu that, in general, peptides are h} drol} zed by the bactenal 
enzymes before the constituent ammo acids are utihzed as groirth factors 
On the other hand, the response ot strain I to proline peptides suggests 
that such hj drolj sis maj not be an obhgatorj step The actmtc of pro- 
line peptides for strain I may be compared to that of 'trepogemn for certain 
hemoljdic streptococci and for Laclobacillus casei (21-23) 

The relationship between glutamic acid and prohne uhich is 'Cen for 
strain II has aheadj been established for the rat (24, 25) and for Peni- 
cilliuin nolalurn (2b) Since stram II belia\ es like analogous mutant strains 
of Penicillium (26) and does not grow on ormthine (Table III), which is a 
postulated mtermediate in the concersion of prolme to glutamic acid in the 
rat (27), the apparent foimation of glutamic acid from prolme m Eschcriclua 
coll appears to resemble that suggested for Penicillium Howeter, Es- 
cherichia coll seems to differ somewhat from Penicillium with respect to the 
prolme-glutamic acid relationship, since ornithine exerts a sparmg action 
on the utihzation of glutamic acid b\ appropriate raut int strains of Peni- 
allium but not bj strain II 

Synlhesis of Test Compounds 

With the exception of two prohne peptides, all the dernatues of prolme 
or of glutamic acid used as test substances ha\e been desenbed prenoush 
L-'Proltjl-h-glidamtc ictd — To a solution of 3 gm of L-glutamic acid m 
20 ml of 2 x XaOH, there were added, m small portions, an ethereal so- 
lution of carbobenzox-j -ir prolyl cliloride (prepared from 2 3 gm ol L-pro- 
Imc bj the method described in (4)) and 10 ml of 2 x XaOH The re- 
action mixture was shaken and chilled Vt the end of the reaction, the 
solution w IS acidified with concentrated hjdrochlonc acid to ^leld i '•imp 
which crjstillizcd readih TIil- product (carbobenzoxv-L-prolil-i-glu- 
t vmic acid) w is w I'hed c irefullj wath w iter and lined o\cr phosphorus 
pentoxide (\ield 3 2 gm ) OS gm of the carbobenzoxj compomid was 
subjected to citaljtic hjdrogen ition in the presence of pallichum bliik 
Vftcr carbon choxide ciolution liad ceased, the cat il^st w is rcmoied b\ 
filtration md the filtrate was e\ iporated to drincss The resulting peptide 
w Is recrcstallized rrom alcohol-water and dned at 100° m lacuo o\cr pho— 
phorus jwntovide 

CiIInO Ns CalculstcJ G 41) il 0 o, N 11 5 
-Ml 2 Found “ 49 1, “ 6 7 ‘ 1! o 

I“1d “ —-19 t)'* (,2^0 la watt.r> 

Ghjcyl-L-prolylglyciUL — -lo i -olu’u.n ol 0 Sb gm ut L-j)roljlgI\<,uie (.1, 7 
111 5 ml ot \ XaOH, there were iddc-d, mscNcrJ portions, 1 1 gm oi carbo- 
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beni5o\yglycyl chloiidc and 5 2 ml of n NaOII Tlie leaction mixture was 
shaken and chilled At the end of the reaction, the solution was acidified 
with concentiatcd hydiochloiic acid to yield a snup which was extracted 
wuth ethyl acetate The ethyl acetate layer was diied over NajSOi and 
evaporated m vacuo to grve crystalline cniboben/o\ygl}cyI-L-piolylglycine 
Yield 0 95 gm , m p 130-137° This material contained 11 4 per cent N 
(theory for CnlloiOoNj, 11 0) On hydrogenation of 0 45 gm of the carbo- 
ben/! 0 \ytiipcptidc m the usual manner, there was obtained 0 20 gm of the 
free peptide When dried in an, the substance forms a dihydiatc For 
analysis, it was dried at 100° in vacuo over phosphorus pcntoxide 

CsHuO^N, Calculated, C 17 2, 11 C 0, N 18 3 
229 2 Found " 17 2, " G G, " 18 2 

[«]S => -100 2° (2% m water) 

The authors are indebted to Dr E L Tatum for valuable advice in the 
course of this investigation 


suxrMAnx 

A mutant stiain of Eschenchia colt wdiich lequiiea an exogenous source 
of piohne (strain I) and another mutant strain wdiich requires an exogenous 
source of prohne or of glutamic acid (strain II) ha\o been studied wath 
respect to their ability to utili/e deiivatncs of these amino acids Strain 
I was found to utilize peptides of piohne much more eflectively than pro- 
hne This IS the fiist instance of a biochemical mutant strain of Eschen- 
eJua coh which grows better in the presence of peptides of an essential amino 
acid than in the presence of the free ammo acid Although strain II grow's 
more rapidly in the presence of piohne than with glutanuc acid, it utih/es 
piohne peptides much less readily than glutamic acid peptides, and neither 
prohne peptides nor glutamic acid peptides aie more active as growth 
factors than the parent amino acids 
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UTILIZATION OF SULFUR-CONTAINING A^IINO ACIDS BY 
MUTANT STRAINS OF ESCHERICHIA COLI* 

By SOFIA SaiMONDS 

{PTom the Department of Botany and Mtcrohtology, Yale Umveretty, Nevs Haien) 
(Received for publication, March 10, 1948) 

TLe production (1) of two double mutants of Eschenchw, colt wbicli 
require for growth an e\ogenou3 source of a sulfur-containing ammo acid 
and biotm has been descnbed recently by Tatum (2) One stram. No 
58-161, was classified as a melhwnimless mutant, and the other. No 
58-309, as a cyshnelesa mutant 

In the present communication, there are presented the results of a 
further mvestigation of the utihzation of sulfur-contammg ammo acids 
by these two mutant strains The experimental methods used were smular 
to those descnbed earher (3) In all tests, the culture media contamed 
sufficient biotm (0 01 y per 10 ml ) to satisfy the requirement for that 
compound Growth curves were obtamed for all compounds which were, 
active as growth factors, and compounds which would not replace methi- 
onme or cystme were tested foi possible sparmg action of the requirements 
for those ammo acids 

Melhwnineless Mutant — The data on the utilization ot a number ol 
sulfur-contammg compounds by stram 58-161 are gi\en m Table I It 
can be seen that the mutant grew m the presence of either h- or n-methi- 
onme The quantity of each isomer neccssarj for the production of hah 
maximal growth was the same, and the growth curves for the two foinis 
were identical from the ongm to the region of half maximal growth At 
levels abov e that necessary for half maximal growdh, n-mcthionme became 
progressively less effective than L-methionine, and, in this region, the 
growth curv'e for n-niethionme rose lets stceplj than that for L-methionme 
However, tlie maximal values of the two curves were the same 

Methionine could be replaced as a growth factor bj DL-homocjstmc, 
DL-homocyateine, l-cj at ithiouine, and D-allocistaihioniiie The other 
isomers of cystathionmc had onlj a trace of activate N i^is and NatSsiOi 
were completely mactive 

Homocjstme, as well as autoclavc-d preparations ot homocy attme, 
showed much less activaty than preparations of homocysteine atenhzcd by 
filtration under nitrogen ''iiicc formation oi homocyatinc from homo- 
cysteine undoubtedly occurs durmg the 24 hour mcubation period Used m 

* Ihcae studies were aidtd b\ a grant frou the \\ilbx.iis Waterman lund of the 
Ruearch Corporation 
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the teats, the value foi the quantity of fillei-ateiili/:e(l lioinoeysteme neces- 
sary for half maximal giowth piobably is too high 
Cyslineless MulanL — 'As shown m Tabic If, cyslinc was the only com- 
pound capable of pioclucmg giowth of stuiin 58-309 Howevei, the cystine 

Tvdli I 

Effect of Sulfur Containing linino ietda on (howth of MLlhionindtaa Mutant 
All cultures were laculjuttd ut 10“ for 21 hoiiis, uiul lirowtli wiia aw luurod bj 
density dotormuuitioas with the Kvcljn [ihototlei liit (oloriau tor Tot'd volume of 
medium for encli test, 10 ml Unless othtruiso aotid, conipoiinds wore added to 
the minimal medium prior to atonli/ ition by uiilocl iviiiK 


1 

Compouad 

Quantity, per 10 
ml , for Inlf 
maximal gro v th 

kt-narCa 

L-Methiomno* 

mtcrortoUs 

0 071 


n-Methionino* 

0 oai 

At liigher concentrations o- 

DL-Methiomnet 

1 

0 071 

mcthionine is less active than 
L-methionino 

DL-Homocystinel: 

0 91 

No increase in activity on addi- 

DL-Homocystoine§ 

1 82 

tion of choline 

“ (filter-stcrihzed) 

0 81 


L-Cystathiomne§ 

0 005 


D-Cystathiomne§ 

>9 


L-Allocy 8 tathiomnc§ 

>9 


D-AlIocyatathiomne§ 

0 OCO 


L-Cystinet 


No activity or sparing action, 

KasSjOi 6 II 2 O 


largest quantity tested, 42 
micromoles 

No activity or sparing action, 


1 

1 

1 

largest quantity tested, 40 
micromoles 


* ICindly supplied by Dr J S Fruton 
t Eastman Kodak Company preparation 
t Prepared by the method described in (4) 

§ Kindly supphed by Dr V du Vigneaud The L-cystathionine contained 0 53 
per cent homocystine The D-cystathionine contained 1 per cent homocystine 
The L- and n-allocystathionines contained less than 1 per cent homocystine For 
the configuration of the isomers see (5) 

requirement was spared to some extent by L-methionme, DL-homocystme, 
DL-homocysteme, and n-cystathionme 1;! 

Maximal growth was not obtained when an excess of L-methiomne (20 
miciomoles per 10 ml ) was added to an amount of cystme (0 1 micromole 
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Table II 

Effect of Sulfur Containing Ammo Acids on Growth of Cyatinelcss Mutant 
All cultures were incubated at 30“ for 24 hours Unless otherwise noted, com- 
pounds were added to the nummal medium prior to stenlization bj autoclaving 
The figures in brackets denote the highest quantity of compound, in micromoles per 
10 ml , used in the test 


1 

1 

Compound 1 

1 

1 

AcU%it> m lieu of cystmc 

Spanns action on 
c>stine TcqimrTr.ent 
tested in presence 
of 0 1 micromole 
of L*c>*stine 

L-Cystine 

+• 


Lr-Methiomne 

-[13 4] 

-f[201 

n-Methionine 

-[13 4] 

i(101 

DL-Methiomne 

-[20 1] 

+ [13 41 

DL-Homocystine 

-17 41 

+ [7 4lt 

“ -1- choline chloride 

— [7 4 of each ) 


“ + DL-senne 

— [7 4 of each ] 


DL-Homocyateine (filter-stenlized) ! 

! - [7 4] 


L-Cystathionine I 

-[4 51 


D-Cystathiomne i 

-[4 51 

■ilBH 

L-Allocystathioninc 

-[4 51 

-[4 51 

D-iUIocystathiomne i 

-[4 51 

-[4 51 

NaiSiOj 5HjO 

, - [4 01 

-[4 01 


• The quantitj of L-o>stinc required for half maximal growth was 0 13 micromole 
per 10 ml 

t At levels of 0 02 to 1 I micromoles per 10 ml , ni homocjstine inhibits the growth 
of the mutant in the presence of 0 1 micromole of cjstine 

T\ble III 

Sparing Action of h-Mcthwninc on Cgstini, Requirement of Cgstincless Mutant 

All cultures were incubated at 30“ for 21 hours Maximal growth of this mutant 
IS produced by approximatelj 1 5 micromoles of L-cistine per 10 ml of medium 
The extent of growth is gi\en in terras oi galvanometer deflections on the Eveljn 
colorimeter The galvanometer deflection at maximal growth is 61 


t C>sunc p went la mcro’aole pez 10 -nU 


a.ddc(i per 10 ml — 

0 

1 0 0117 1 

1 0 101 1 

02^ j 

0^17 

tnuroncltt 

0 1 

100 

; ss ! 

1 

1 

1 S-l 

7S ' 

72 

0 Oo7 

100 

1 

SI 0 

1 ' 

71 5 

0 201 1 

100 

1 

7S I 

70 5 ' 

66 2 

0 67 ' 

100 

' S3 5 

I 77 5 

1 70 5 ' 

64 

2 01 1 

100 

1 

40 O 

5 

02 5 

b 7 ‘ 

100 

SO 

1 75 5 

oO 

01 

20 1 1 

100 

so 

, 73 5 
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pel 10 ml) bunicicnt toi appio\iniiitcly half nuiMinuI giowth It wa'^ 
nccc&baiy to iuivcpicbcul about 0 t miciomolc ot (^stino m oidei topioduie 
ma\imal giowth on the achlition ol oxccs'i molhioninc fTable III) 

The fapaiing action of n-c^'btathiomne and ol filtci-slciih/cd pupaiations 
of homocybteinc was somcwliat less than that ot mcthioniiu nn-IIomo- 
cystmc was found to c\cit an inhibitoiy clh*ct on gioutli uhcn it was iisid 
at levels of 0 02 to 11 mieioinoles pei 10 ml, but, at hvcis .ibove 2 3 
miciomoles pei 10 ml , it spaicd the leiiuncment foi i^sliiu Vntoclavcd 
piepaiations ot iiomocysteine gave lesults similai to thoac olitainod with 
homocystine, although inhibition was nmei ob>eived when liltei-^teiihzed 
solutions of homocj^steine weie used 

DISCUs>SION 

Fiom the data obtained with the mdliionuiclcss mutant, it would appear 
that the biosynthesis of methionine m EsUieiichia coh K -12 occiiis b} the 
senes of leactions pioposcd by ffoiowit/ ((») foi Xuirospoxi aassa 

— > a-Cystiac — > r 03 Htfitlnonuie — » i ht)m(ic3 stcine ~ i metlnonine 

The data ot Lampen d al (7) toi seieial indhiuniiuUiss stiaiiH of E toll 15 
also may be mteipietcd as evidence foi this tianstoimation If it is as- 
sumed that the metabolism ot methionine 'ind ( 3 ’stinc in mat int ind wild 
type stiains of E coh K-12 is identical, except loi a single gene-conti oiled 
leaction which is lacking m the mutant (S), the mutation by winch strain 
58-lGl was piocluced caused the loss ot an en/yinc s 3 'stem nocc'-ai}' toi the 
conveision of L-cystme to L-cystathiomne 

It is of mteiest that the methtonuidf,i> mutant of E^Uitnchia toll K-12 
utilized D-allocystathionme as ctficiontly us n-cystathionme Both these 
compounds can give use to L-homocysteme by cleavage between the sulfur 
atom and the 3-caibon chain Piesumably, n-cystatluomne is the natural 
inteimediate m the biosynthesis of methionine fiom cystine in micro- 
oigamsms, and its pioduction by an appiopiiate mutant stiam of Vewo- 
spom has been demonstrated (b) Howevei, while the mc/hioninelcM 
mutant of EscheneJna coh K -12 could use both L-cystathionine and n-allo- 
cystathionme m place of methionine, appiopiiate mutant stiams of Nemo- 
spo) a could use only L-cystathionme (G) 

In the lat, foi which methionine is an essential constituent of the diet (9), 
L-cystathiomne is believed to be an mtei mediate in the biosynthesis of 
cysteme fiom homocysteme n-Cystathionme is cleaved by'- lat hvei 
piepaiations to yield L-cysteme (10) Rat hvei also is capable of splitting 
D-allocystathiomne to n-cysteme ( 11 ), but this cleavage would be ot little 
value m the synthesis of cystine m mvo since the n isomei is not utilized 
by the rat foi giowth (12) It has been found, also, that lat livei piepaia- 
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tions can make D-homocysteme from L-allocystathionme (11) and that 
L-allocystathionme serves as a dietary source of homocystme (5) Thus, 
the utilization of L-allocystathiomne as a precursor of methionme by the 
rat appears to be analogous to the utilization of L-cystathionme and n-allo- 
cystathionme as precursors of methionme by the methionineless mutant of 
Escherichia coli 

The cleavage of any of the isomers of cystathionine to yield cjsteine 
would not be detectable ivith the melhionineless mutant Ho\se\er, such a 
cleavage seems unlikely m view of the inactivity of these compounds for the 
cyslineless mutant 

The cyslineless mutant, No 58-309, is the hrst mutant stram of a micro- 
organism which has been observed to reqmre cjstme and to be unable to 
satisfy that requirement with methionme, homocysteme, or L-cystathionme 
(6, 7) ^ The mutant strains of Escherichia coh 15, which grow m the 
presence of cystme or methionme, seem to be able to make cjstme from 
exogenous methionme as well as methionme from exogenous cjstme (7) 
Strain 58-309, a mutant of E coh K-12, probably makes methionme from 
exogenous cystme although it is not able to carry out the reverse transfor- 
mation Therefore, if the metabolism of cj'stine and methionme m the 
E coll strains 15 and K-12 is the same, it would appear that the formation 
of cystme from methionme follows a metabolic pathway different from that 
used m the conversion of cystine to methionme 

The author wishes to express appreciation to Dr E L Tatum for his 
valuable advice m the course of these m\ estigations 

sUiOLlRl 

A melhionineless mutant ot Escherichia coh stram K-12 has been found 
to grow m the presence of l- and n-methionme, DL-homocjstmc, DL-homo- 
cysteine, L-cj'stathionme, and n-allocjstathiomne 

\. cyslineless mutant of Escherichia coh strain K-12 has been foiiiul to 
grow onij m the presence of L-cjstme, L-methionme, DL-homocjstmc, 
DL.-homocjstoine, and L-cj stathiomnc showed a spanng action on the 
cj’stmc requirement of this mutant 
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OXIDATION OF HYDROXY-i^PROLINE BY PERIODATE 

Bt HERBERT E CARTER akd Y H LOO* 

(Prom the Division of Biochemistry, Noyes Laboratory of Chemistry, Unicersiiy of 

lUincns, Urbana) 

(Received for publication, March 25, 194S) 

Some time ago Carter and NeviUe reported (1) that hydroxy-L-prolme 
yields formaldehyde on oxidation with periodate In another laboratory, 
this oxidation was found to produce a considerably low er yield of formalde- 
hyde than w e had obtamed ‘ A further study of this reaction was accord- 
ingly undertaken Oxidation of several new samples of hydroxy-L-proline 
gave lowei yields of formaldehyde than those previously obtamed To 
eliminate mterference by possible contaminants, hydroxy-L-prohne was 
punfied through the 0,N-dibenzoyl derivative This substance (not pre- 
viously described) is a very satisfactory derivative for the purification and 
identification of hydroxy-L-prolme Under the proper conditions, the 
sodium salt precipitates from the benzoylation mixture in good yields 
The free acid is readily purified and reconverted to hydroxy-n-prohne 
Material punfied in this way was oxidized with varymg quantities of perio- 
date accordmg to the procedure of Shinn and Nicolet (2) The results 
clearly indicate that the amount of formaldehyde formed depends cnticallj 
on the molar ratio of penodate to ammo acid With a ratio of 5 moles ot 
peiiodate to 1 of ammo acid, an insignificant amount of formaldehyde was 
formed, while proportions of 10 1 and 20 1 of the reactants gave 0 15 and 
0 21 moles of formaldehyde, respectively These vanations were reflected 
by coiresponchng chfferences in the rate of oxidation of hydroxy-L-prolme 
as measured by the rate of penodate consumption and the changes m op- 
tical actmty of the solutions (see Tables I, II, III) These data show that 
the yield of formaldehyde is much less than that previously reported by Us 
and that hydroxy-L-prohne is not hkely to interfere with the determina- 
tion of serine by the methods of Nicolet and tshmn (3) and of Rees (4) In 
these procedures, the excess of periodate is not sufficient to produce an 
appreciable amount ot formaldehyde Irom hydroxy prolme, as is -hown 
by the observation of Rees (4) that esscntully equivalent amounts of 
volatile aldehyde and ammonia arc producetl m the oxidation oi gtUitin 
by droly s»itcs by penodate 

No attempt has been made to desenbe the evict cour-e of the oxidation 

* Poatdoctoratc research assistant m Chtmislrv 

' Tlie authors Mish to Lipriss their appreciation to Dr V C Clnlinall for informing 
them of these results 
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oi liydio\y-i4-piohn(i by pciioclutc Ilouuvcr, tlie uviiilablo data sho\v 
that, once the pyiiohdine iing is luptiiicd, extensive fuithoi oxidation oc- 
cuis The optical lotation data indicate that unchanged hydi oxy-L-proline 
IS piesent even aftei 3 moles ot pciiodatc have been tonsiimod Con- 
densation ot founaldehyde witli unchanged amino acid or with other 
degiadation pioducts may account foi the low yield ot dimedon deriva- 
tive obtained in these studies 

It should be noted that dimedon is leadily oxidi/ed b> pciiodatc, con- 
suming 3 moles of peiiodate in I houis undei Llie conditions usually em- 
ployed 111 the isolation ol the loimaldehyde dimedon deiivative In 
calculating the amount of leagent leqimed foi condensation with formal- 
dehyde, the amount of excess peiiodate pieieiit m the leaction imxtiire 
must be taken into account. 


r.XPBlUMKNTM. 

Preparation of 0 ,N-Dibciizoijlhydroxij-h-prohnc — When hydioxypro- 
hne IS benzoylated m 0 5 n sodium hydi oxide, accoiding to the method of 
Cartel and Stevens (5), a low yield of a crystalline solid, the sodium salt 
of the 0,N-dibeii/oyl deiiv'ative, scpaiatcs tiom the leaetion mixture 
By continuing the benzoylation in a w'cakly alkaline medium, as leconi- 
mended by Soiensen and iVudei-^en foi the preparation ot ilibenzoyKeime 
(6), a iieaily quantitative yield ol the sodium sidt is obtained 

In a typical experiment, 176 gm of hydiox^qiiolme ueie dissolved lu 
45 0 ml of cold 20 pei cent sodium hydi oxide To this solution were 
added 20 ml of benzoyl chloiide (1 molai equivalents) m 5 ml poitions 
The mixtuie was kept m an ice bath and shaken vigoiously at trequent 
mteivals During the leaction of the last 10 ml ot benzoyl chloiide ovei a 
peiiod of 4 to 5 houis, the pH was maintained at 8 to 9 by the addition of 
20 pel cent sodium hydi oxide Mtci all of the leagent had disappeaied, 
the piecipitate was collected, washed twice with small volumes ot cold 
watei, diied, and trituiated with hot peti oleum ethei 'fhe white ci 3 ^tal- 
Ime sohd, weighing 12 99 gm and melting with decomposition at 247- 
248°, was dissolved m 100 ml of hot vvatei On the addition ot 5 ml of 
concentiated hydiochloiic acid, an oil sepaiated and ciystalhzed on stand- 
ing m an ice bath foi seveial houis The solid was filteied off, washed 
thoioughly with cold watei, and clued, giving 9 S3 gm (80 pei cent yield) 
of ciude pioduct Reciystallization of this mateiial from etliei gav’^e a 
piodiict melting shaiply at 120 5-121 5° 

CigHnOeN (339 34) Calculated C 67 26, H 5 05, N 4 13 
Found “ 67 46, " 4 85, " 4 16 
[a]” = —160° (0 49% solution in methanol) 

Neutral equivalent, calculated 339, found 333 Saponification equiv- 
alent (0-benzoyl group), calculated 339, found 341 
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The sodium salt of dibenzoylhydro\y-L-prolme dissolveo readily m i\ ater, 
although it is onlj’’ slightly soluble in the benzoylation mi\ture The free 
acid IS shghtly soluble m cold Mater or petroleum ether, somewhit soluble 
m ether and methylcyclohexane, and very soluble in alcohol, acetone, and 
benzene 

Regeneration of Hydroxy-v-ptohne — G gm of dibenzoylhydro\y-L- 
proline ivere refluxed inth 60 ml of 10 per tent hydrochloric acid for 10 
hours The mixtme Mas cooled and filtered Benzoic acid Mas removed 
from the filtrate by extraction wnth ether, and hydrochlonc acid bj re- 
peated concentration m vacuo Ihe icaidue wao dned in vacuo ov er pellets 
of potassium hydi oxide, dissoWed in 10 ml of water, and passed over a 
column of itanberlite IR-1 The eluate was concentrated in vacuo to a 
small V olume and ethanol added to 90 to 95 per cent concentration, precip- 


Tvble I 

Oxidation of Hydroxtjproline with Sodium Melapcriodalc 


Tunc 


Penodatc cotuumed per mole b>droxy L proUne 

hn 


naUt 

0 0 


0 0 

0 5 


0 53 

1 0 


0 96 

2 0 


1 5S 

4 0 


2 39 

17 5 


3 59 


dating 1 87 gm of hydroxy-L-prohne (80 pei cent yield) An analyticalli’’ 
pure sample was obtained by recry stalhzation from 90 per cent methanol 

CsH,0,N (131 13) Calculated C 15^, U 0 92, N 10 69 
Found “ 45 94, “ 0 71, “ 10 63 

lain = —77° (0 324^0 oolutioo in uatcr) 

Oxidation of Hydroxyproliuc by Periodate — Iho results of Carter and 
Neville (1) on the rate of oxidation of hydroxy proliiu by sodium meta 
periodate were reproduced 1 ibic I shows the course of the reiction ot 
30 mg of hy droxy'-L-prohne in 100 ml of 0 01 vi siHlium met ipcrio<l itc (7) 
E^cct of Pertodak Conciiitration on Rak of Oxidation — Hydroxy -i 
proliiie (12 to 13 mg ) w is oxidized in 123 ml fl csks with v iry iiig amount' 
of pirapiriodic iiid m the priscuce of biLarboiutc bufifer and irsonite 
(2,3) it 30° In one senes, the ixnodatc consumption was dt tcrmined (7) 
3\ itcr hi inLs lontunmg UM^nitc and v irving imounts ol innodili wen 
il'o titritcd In another 'Cric*', the reaction mixture was icidilical to 
methyl led with glicial icctic acid, 30 to 10 ml of a 0 1 per cent dimedon 
solution Mere idded, and alter 24 hours the toniialdehyde dcrivati.c, 
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molting .it u.is filteicd oil, diioil, unci weighed d'ho lo^ult-. 

aic buinm.uued m 'I’.iblc tt 


Tviin II 


Effect of Poioilatc Coiitcnlidlion on EoIl of Oxnlohon ond /'onnalton of I' onnoldchjdc 

from Ihidrox)/-! pioliiii 


W eislit of lij 
.lrox\ prolinc 

jMoInr r ilio of 
period lie to 
hjdroxjprohnc 

JVrKxiitc con 

! 1 orinxttIcU>(Ic dimctlon dcrwiluc 

1 

lij(lrox>prolinc 

Period of 
j oxiihtiuii 

1 . 1 

Ucisht 

Vicld 

mi 


motes in 1 hr 

1 hn 

j 

per cent 

12 OG 

0 1 


1 

0 o 1 

1 7 

10 4S 

5 1 


21 

0 7 

30 

12 90 

10 1 


' 1 1 

1 t ; 

IT) 2* 

10 2 

10 1 

1 

21 

9 0 1 

25 0 

12 5 

20 1 


- 1 

0 0 

23 7 

12 5 

20 1 



S 0 

2b b 

13 1 

5 1 

1 3t 

1 I 

( , 


I 

[ 

13 1 

10 1 

2 5 

1 

1 

1 

13 1 

20 1 

3 1 

1 

1 

1 

1 

1 


* This value is low in coiiiiiansoii with the >icl(l reported Carter and Neville 
(1) Recalculation of their data gives a yield of lo to lb per cent instead of the CO 
to 04 per cent previously reported 

t 5 ml of 0 1 N sodium arscnite were used instead of 10 ml 


Tviun. HI 

Effect of Periodate on Optical Ictivitu of Ilijdiozy i prolinc 


1 line 

Ob-.cn cd rotation m degrees 

1 Molar ratio o( pcrioxlatc to b>drox>prohnc 

1 

° ! 

1 ^ ' 

' 10 1 

20 I 

lirs 





0 

-0 u 


i 


0 25 

! 

-0 07 

1 -0 01 

-0 02 



-0 01 ! 

1 -0 02 

0 0 



-0 02 i 

0 0 

+0 01 


-0 41 

-0 01 : 

0 0 

+0 02 

3 5 


* 1 

1 

1 * 

+0 05 

24 0 

-0 41 

+0 05 ! 

+0 05 

+0 05 


* The solution had turned dark yellow , on standing the color gradually bcenne 
less intense 


Change in Optical Aclivilij oj Hgdioiy-h-piohne Solutions dunng Pcno~ 
date Oxidation — The late ol change in optical activity with vaijaiig con- 
centiations of peiiodate was detci mined Into each of thiee 10 ml 
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\olumetuc flaska pipetted 1 ml of a fcolution of hjdro\y-L-prolme 
containing 52 4 mg or 0 -i mil per ml Aliquots of a solution ot sodium 
metaperiodate eqmi alent to 2, i, and 8 rail of pei lodatc w eie added The 
solutions ivere diluted to \olume nith uater and transferred to 1 dm 
polarimeter tubes A record of the rotations obsen ed o\ er a penod of 24 
hours IS giren m Table III 

In another evpenment, 2 567 gm (3 molar eqvui alents) of sodium met r- 
penodate i\ere added to 0 524 gm of hj dro\y-L-prohne diasohed in So 
ml of 0 1 N sodium arsemte solution Within 1 hour, all of the reagent 
had reacted and the observed rotation had changed from —0 47° to —0 15° 
This reading remained constant until an additional 3 molar equnalenta 
of penodate were added, when the rotation changed from —0 15° to +0 07° 
wuthin a half hour 


SLiiiicni 

IIjdroxy-L-prohne has been purified and characterized through the 
0,N-dibenzoyl derivatne An investigation of the reaction of pure 
hj drovy-L-prohne with periodate lias shown tliat evtensue oudation 
occurs Among the degradation products are a dextrorotatory substance 
and formaldehyde One of the rate-determining factors is the ratio of 
periodate to ammo acid, the greater the ratio the more rapid the uptake 
of periodate, the greater the change m optical actmty, and the higher the 
yield of formaldehyde Hydro\y-L-prohne is not likely to interfere with 
the determination of serine bj periodate oxidation 
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A SlilPLIFIED PROCEDURE FOR THE PREPARATION OF 
CYTIDYLIC ACID AND DLASDIONIHM URIDYLATE 
FROM YEAST NUCLEIC ACID* 


Bt HUBERT S LORING, PAUL M ROLL, JOHN G PIERCE 

(Prom the Department of Chemistry and the School of Medicine, Stanford 
Unitersily, Ccdifomia) 

(Received for publication, March 19, 1918) 

Previously published methods for the preparation of the pjTrimidine 
nucleotides are relatively mvolved procedures requiring either repeated 
crystalhzation of the brucme salts (1) or fractionation of the free acids b\ 
their differential solubility m pyndine (2) Although the yields obtained 
by the former method were not published, we ha\e isolated less than 2 
per cent of the ongmal nucleic acid as crystalhne diammomum undylate 
by this procedure Yields of 5 6 and 4 per cent of the ongmal nucleic 
acid as crystallme cytidyhc and “nearly” crjstallme undjhc acids re- 
spectivelj' were reported for the pyndine extraction procedure Other 
workers, however, have found lower yields by the latter method (3) and 
in our own laboratory the >neld of crystallme cytid>hc acid isolated from 
a sample of yeast nucleic acid by the pyndine method was 1 2 per cent 
Although the results of bioassajs for cytidyhc and undyhc acids indicate 
that the concentrations of these constituents m nbonucleic acid are less 
than those expected from a tetranucleotide structure (4), it is candent from 
the small yields mentioned that the isolation procedures are highly mef- 
ficient 

The extent to which nucleosides or nucleotides are produced b> alkahne 
hydroljsis of >east nucleic acid depends on the concentration and t>pe 
of alkali used and on the temperature at which the h>droljsi3 is earned 
out (1, 5) The published procedures tor the preparation of nucleotides 
ha\e a\oided ludrolvsis to nucleosides bj the use of ammonia at 115-120® 
in an autocl i.\ e (5) or altemateh bj the use of stronger alkali at room tem- 
peratures for rcUtuelj long penods of time (G, 7) In eaew of the dif- 
ticultica mherent m the former procedure and the uncertamt\ regarding 
the extent of hj drolysis m the latter, it seemed desirable to find conditions 
111 which nucleic acid could be ton\erted to nucleotides b\ rcfluxmg m the 
prcacnce of a relatitcK strong base Becau-c ot the insoluble nature oi 
some of the banura salts of the nucleotides (S, 9), the usa oi baniim In dro v’di, 
as a Indroljzing agent was studied In order to find optimum eondmons 

* Taken in part from a thesis submitted b> Paul M Roll m para-l fulalmc-it u tae 
toquiren onts for the degree of Doctor of Phdo^-ophj, Stan'urd Lni.trsi* , IjiT 
Xided b> a grant from the Rocks/eller Foundation 
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for the prepaiation of the iiucleotKlcs, the eoacontiation of alkali was 
determined which could bo icflu\cd with nucleic acid foi 2 hours without 
the hbciatiou of appicciablc amounts of inorganic phosphate The re- 
sulting hydiolysates us well as those picpared b> ticatment Mith dilute 
mineial acid (8) weic fractionated with 12-pho-i[)hotung'5tic acid, which 
has been shown to effect a ncaily quantitative scpaiation of cytidyhc acid 
or c3rtidino fiom uridylic acid or uiidinc (1) The picaent paper iccoids 
the results m which these proceduics have been applied to the picpaiation 
of cytidyhc acid and diammonmm uiidylate from yeast nucleic acid 

nxpLuiMiJ^rvL 

Hydwlysis of Yeast Nucleic Acid by Banum Ilydiocidc — A series of 
pieliminary expeiiments employing diOcicnt amounts of barium hydrovide 
weie peifoimed to detcimmc the optimum eonditions foi hydrolysis to 
nucleotides Two ciiteria of the e\tent of hydiolysis were employed, 
namely, (a) the amount of inoiganic phosphate libeiated and (b) the growth 
activity of the icsulting hydiolysates for the pyriniidine-dehcieiit iVeiiro- 
spora mutant No 1298 2 gm samples of coinnieici d >east nucleie acid 

weie lefluxed for 2 houis in the presence of 20 ml of w iter and sulhcient 
solid barium hydroxide to give solutions that weie 0 5 x, 0 55 n, 0 G n, 
0 7 N, and 0 8 n with lespcct to baiium ion The s unplcs wcic acidified 
with enough hydrochloric acid to dissolve the insoluble banum silts, banum 
ion was removed, as the sulfate, and aliquots of the icsulting solutions were 
analyzed for inoigamc phosphate (10) and assayed for growth activity (1) 

The phosphate analyses showed that from 2 to 3 per cent of the total 
nucleic acid phosphorus was hbeiated as moiganic phosphate ovei the 
normality lange from 0 5 to 0 7 n and that G 5 per cent was tormed m the 
0 8 N solution Whether the moigaiuc phosphate was derived entirely 
from a smgle nucleotide oi m part fiom each of the puune and pyiunidme 
nucleotides known to be present could not be determined from the data 
obtamed If the assumption was made, however, that one-half of the 
morganic phosphate was formed fiom pyrimidme nucleotides and that a 
correspondmg amount of pyrimidine nucleoside resulted, the growth ac- 
tivity due to cytidyhc acid or uridyhc acid varied fiom 22 to 26 per cent 
over the normality range from 0 5 n to 0 7 n and mci eased to about 32 
per cent for the 0 8 n solution If a larger proportion of the inoigamc phos- 
phate were derived from pyrimidine nucleotides in the more alkahne solu- 
tions, the growth activity found would be due to a larger proportion of 
pyrimidine nucleosides and the amount of pyrunidme nucleotides present 
would be correspondmgly reduced In a few additional experiments in 
which stronger alkali or a longer period of hydrolysis was employed, addi- 
tional amounts of moigamc phosphate were formed without further increas- 
mg growth activity for the mold 
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On the basis of the above-mentioned experiments, it seemed desirable for 
the isolation of the nucleotides to select conditions of hydrolj sis mterme- 
diate between the extremes mentioned Accordmgly a 10 per cent nucleic 
acid suspension m 0 6 n banum hydroxide was employed Under these 
conditions a large fraction of the ongmal nucleic acid is converted to rela- 
tively msoluble banum salts which could be removed by filtration and used 
for the preparation of diammomum undylate and cytidyhc acid Alter- 
nately the suspension could be treated directly with enough sulfunc acid 
to convert the banum salts to banum sulfate and a solution of the nucleo- 
tides The latter were then fractionated by the same procedure used for 
the banum-insoluble salts The latter procedure, while not advantageous 
for the preparation of cytid 3 fiic acid, gave the best yield of diammomum 
undylate 

Isolation of Pyrimidine Nucleotides from Insoluble Banum Salts — 50 gm 
of yeast nbonucleic acid (B L Lemke Company) were added to a beaker 
containmg 500 ml of boding 0 6 N banum hydroxide solution The mix- 
ture was carefully heated to boilmg to avoid frothmg, was boded for 2 
hours, and then cooled m ice The granular precipitate of banum salts 
of the nucleotides was filtered off by suction and was washed with a little 
cold banum hydroxide solution The sohd was suspended m about 200 
ml of hot water and the solution was acidified with enough 6 K sulfunc 
acid to provide a shght excess of sulfate ions (blue with Congo red paper) 
The resultmg solution of nucleotides was filtered from insoluble banum 
salts through a pad of Hyfio Super-Cel and the banum sulfate was washed 
twice by suspension m bodmg water The washmgs were combmed with 
the ongmal filtrate, which was cooled m ice and refiltered from a small 
amount of insoluble matcnal which formed To the warm solution 20 gm 
of 12-phosphotun^tic acid (II) dissolved m the minimum volume^ of water 
neccssarj'- for solution w ere added slowly until no further precipitation took 
place xVfter coolmg m icc the heavy precipitate vvas filtered onto a pad 
of Hyfio Super-Cel, and the filtrate was concentrated in vacuo to a v olume 
of about 200 ml 7 5 ml of concentrated sulfunc acid were added to make 
the solution approximately 1 v, and then 45 gm of 12-phoaphotungstic 
acid were added to the hot solution *\iter immediate filtration through 
Hj'flo Super-Cel to remove the last traces of the phosphotungstatca of the 
purine nucleotides, the solution was allowed to stand at room temperature 
for several hours and cooled in the refngerator overmght Cy't’djlic acid 
phosphotungstatc separated as a gelatmous precipitate which was best 
removed bv centniugation m the cold The solid ivas washed once m the 
Lcntrifiigc wath a little ice-cold 1 x sulfunc acid and was Uitd lor the 
preparation ot cvtidvhc acid Vi cytidyhc acid phoiphotungatate is qmte 
soluble in 1 X acid at room temperature, it is necessary to keep tl e solution 
as cold as po«ible during centniugation 
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The supeiiutimt liquid and wasliing-s from the (ytidyhc acid piiospho- 
tungstate weie combined, the bolutiou was wanned to about 70-80'’, and 
a 1 per cent bolution of ammonium sulfate was added slowh to piccipitato 
the excefab phosphotungstie acid (luantitatively as ammonium phoapho 
timgstatc Sulfate ions wcie lemoved with baiium hjdroxide, uid the 
filtiate and waishmgb fiom the baiium aiilfate m a volume of about COO 
ml weie made slightlj alkaline to litmus bj the addition of an alcoholic 
bolution containing 20 gm of biucine Altei atanding m the refiigeiator 
overnight, the ciystallmc biucme uiidylate (about 17 gm ) was leinovcd 
by filtiation and wuis conveited to the diammouium ■'alt as described b> 
Lovene and Bass ((12) p 220) IJsuallv two oi tluee cio{)s of ciystala 
amoimtmg to fiom 1 8 to 2 0 gm weio obtained fn tom I'xpenments m 
wduch the amount of nucleic acid w'as vaiied fiom 50 to 200 gm , the average 
pel contage yield was 10 pci cent Foi iccijstalli/ation the diammonuim 
uiidylate was dissolved in a small volume of water, 'uul the solution was 
dccoloiizcd with noiit and concentiatcd to a thick '^uup undei an -ur 
stieam A few diops of concentiatcd ammoni i and bufhcicnt methjl 
alcohol vveie added to cause ci-y&talli/ation Fiom 1.5 3 gm of pooled 
ciystallme fiaetions, tw'o ciops of ciystals weie lecovoicd weighing a total 
of 11 8 gm When placed m the melting point block at 105°, this product 
decomposed at 190-191°, a somewhat highei value than the commonl> 
accepted one of 185° (13) Tn a 2 poi cent solution, it gave a specific lota- 
tion of [a] n“ = +22 3° as compaied to the accepted vxaluo of +21° On 
leciystalhzation of 550 mg, 280 mg of the pioduct with essentially the 
same decomposition point and specific lotation weie iccoveicd The an- 
dried pioduct contained 119 pci cent mtiogcn and 8 35 pei cent phosphorus 
as compaied to 15 22 pei cent nitrogen and 8 15 pen cent phosphorus for 
CdHioOoNiP 0 5PI20 01 to 1-1 9 pel cent niti ogen and 8 25 per cent phos- 
phoius foi CgHioOaN 4 P H 2 O The analyses aie thoiefoie m better agi ce- 
ment wuth a molecule containmg 1 lathei than 0 5 molecule of water of 
hydiation It was not possible to deteimme moistuie by the loss m weight 
on heatmg tn vacuo oven phosphoius pentoxide 01 on heating in an oven 
at 105-110°, foi an appieciable amount of ammonia mtiogen as well iis 
watei is lost undei these conditions One sample clued to constant w^eight 
by the lattei pioceduie gave a vmlue of 13 1 pei cent mtiogen, as compaied 
to the theoretical of 12 3 pei cent mtiogen foi the anhydious monoammo- 
mum undylate 

Cyhdyhc Acid — ^The cytidyhc acid phosphotimgstate descubecl m the 
previous section was suspended m about 400 ml of hot watei, md the 
phosphotungstie acid and sultuiic acid lemov^ed consecutively as in the 
case of the uiidyhc acid The filtiate fiom these opeiations was concen- 
tiated in vacuo to a volume of about 20 ml , which was decolor ized with 
noiit, and the cytidyhc acid crystallized by the addition of ethyl alcohol 
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The crystals ■nere washed with an ethyl alcohol-water solution and then 
dned by successive washings of ethyl alcohol and ether The combined 
yield of first and second crop crj'stals c aried from 1 9G gm to 2 37 gm , th< 
average yield m the four experiments prevnously mentioned bemg 4 4 per 
cent of the original nucleic acid The decomposition pomt of this product 
(A) was about 223° when placed m the meltmg pomt block at 210° It 
was best reciystallized from a waim 2 per cent aqueous solution by the 
addition of shghtly more than an equ il volume of alcohol In this waj m 
one expenment 7 gm of product (B) decomposmg at 232-233° (m block at 
220°) w'eie recovered fiom 9 gm of the less pure sample (A) mentioned 
above Two additional recrystallizations gav e slightly higher percentage 
recovenes of products C and D, with decomposition pomts of 234-235° 
and 237° respectively when determmed under the same conditions The 
specific rotations of Samples B, C, and D m 1 per cent solution m water 
were respectively Hd" = 38 5°, [a]^ = 42 3°, and [ce]^ = 119° The 
previously reported values vary from (a]n^ = 417 to [a]” = 44 7° (2) 
Sample D gave a value of 12 58 per cent nitrogen as comp ired to the theo- 
retical of 13 per cent for CaHuOsNsP 
Isolaltoii of Pytiinidine Nuclcolulci, after Treatment of Hydrolysis Mix- 
ture with Sulfuric Aad, Cytidylic icid — The hot hydrolysis iru-xture from 
50 gm of nucleic acid prepared as prevnously described w as treated drop- 
wise with 50 ml of 1 N sulfunc acid The suspension wluch at tlus pomt 
should be definitely acid to htmus but alkalme to Congo red was allowed 
to cool to room temperature and the precipitate of barium sulfate and 
banum guanylate removed b\ filtration The resultmg filtrate w is treated 
with enough sulfunc acid to provide a shght excess of sulfate ion (acid to 
Congo red), and the precipitated banum sulfate was removed bj filtration 
and washed by boilmg with water The filtrate and washmgs weie con- 
centrated to about 100 ml in laciio (pll about 2 2) and treated at the boil- 
mg temperature with a solution of 35 gm of phosphotungstic acid in water 
The yellow precipitate of purine nucleotide phosphotungstatcs v\ n re- 
moved immediately bj filtration, and the filtrate was made between 1 lud 
2 N wath sulfunc acid The solution was again heated to boilmg ind an 
additional 35 gm of phosphotungstic acid ui 1 5 n suliunc acid added A 
small amount of msolublc material was removed irom the hot solution bv 
filtration, and the filtr ite w is allowed to cool at room tcmperatiirt. to illow 
cryst illization ol c> tidj he icid phosphotungstaic Vitv r st nuling it i oom 
temperiturc for sever il hours, the luLxtuic was pUced m tlu riiri^vrator 
overnight to illovv complete prexipitation Ihc ivtulvlic acid phu plio- 
tungstatc vv is removed in the eeiitmUeC m the cold ind aa.-! t.i « o'-t 
vaouslv dcscrihcHl 1 he v leld ol crude cv tidv he acid phu-jihutungst Ue * 
ibout 16 gm It vv Ls eonvertc'd to evtidvlic acid is pre louslv dc'cnl>< d or 
ilternatelj bj extraction with amvl aleohol-ethi r in ai ul -olntina Ikt 
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yield of ciytitallinc cytidyhc iicid by this piocodure waa loss tium that given 
above, being fiom 2 to 2 8 pci cent of the onginal nucleic acid 

Diammonmm Uudylalc — Tlie supernatant liciiud and washings fiom the 
cytid 3 dic acid phosphotungstate weie ficcd of piioapliotungstic acid and 
conveitcd to diammonuun uridyhite as picviouily described The yield 
in two cxpciiments vaiicd fiom 5b to 0 2 jiei tint of the oiigin.il niitleie 
acid 

Ilydiohpis with MinciuL AcuL — The liai tionation pioudure described 
above was applied to hydiob'sates of iiutkic acid obt lined after hydiolysis 
foi 2 hours wuth 0 4 N sulfuiic acid, nitiic acid, and hjdiochloiii acid (8) 
The fice puiincs which arc piodiiced undci these (oriditions wcio removed 
with silvci and the lesulting filti itcs fiactionated with phosphotungstic 
acid aftci lemoval of silvci ion Cj'tidyhc acid was obtained in from 3 3 
to 3 0 pel cent yield, and diammoimim uiid>latc m about 3 8 pei cent yield 
/Vs compaicd to the yields previously nusitionerl, this procedure was not 
advantageous 

SUVIVUIiY 

Pioceduiesaio described toi thepiepaiation of c> tidylic acid in a yield of 
i 4 pci cent and of diammoniuni uridylato in j lelds of fiom 1 b to 6 2 per 
cent of the onginal j^ast nucleic acid The pioccduro is b.iscd on the 
hydiolysis of the nucleic acid with OG n barium lij dioxide and the frac- 
tionation of the phosphotungstates of the piiriiie nucleotides and of cy- 
tidjdic acid m weakly and stiongly acid solutions under conditions m 
which uiidyhc acid is not precipitated Tiie same fractionation procedure 
was applied to hydrolysates obtained aftei hydrol}si3 wuth mineral acid, 
but the yields of the pyiimidine nucleotides were not ns laige as those ob- 
tained aftei alkaline hydiolysis 
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The demonstration that plasma from persons %\nth hj-pertension is more 
vasoconstnetor than normal plasma would be direct evidence supporting 
a humoral mechanism for the disease This necessitates c\ aluatmg cfleets 
of vasoactive substances which may be newly formed m the blood subse- 
quent to withdraw al of the sample The chief, and perhaps onlj , substance 
of importance m this regard is the vasoconstnetor appearing durmg the 
clottmg or defibrmation of blood 

Mainly with the purpose of removmg this obstacle to the study of dilier- 
ences between plasmas from hypertensne and normal subjects, attention 
has been directed to the isolation and identification of the substance in 
serum responsible for its vasoconstnetor activity as measmed in the %es- 
sels of the isolated rabbit ear There are other reasons for establishing the 
identity of this substance, among which maj be mentioned its probable 
roles m hemostasis and mtravascular clottmg 

Smee the problem of the serum vasoconstnetor is well o\tr 50 jears old, 
an extensive literature dealing wnth the subject is available (1-5) which 
will not be review'ed agam here Most of the papers discuss the pharma- 
cological properties of the unpunfied substance, its relatu e stabilitj , and 
solubility The results published show a high degree of inconsistency, 
reflectmg the mabihty of previous workers to obtam quantitative informa- 
tion from their assay methods 

This report summanzes the results of work on the purification and prop- 
erties of the serum vasoconstnetor m quantitativ e terms The method oi 
assay, consisting of perfusion of the blood vessels of isolated rabbit cars 
(0, 7), has proved capable of givnug reproducible results wathin 10 to 20 per 
cent in the same preparation, wath checks over several months .\ithm 25 
to 50 per cent V fiv e-step punfication procedure has been dev eloped w Inch 
j lelds a preparation of the vasoconstnetor material about 200 times aa ic- 
tivc, on a dry weight basis, as that m serum itseh, with recovery of 23 to 
50 per cent of the original activity in serum The dry preparation ean be 
stored without loss of activity, apparently mdefinitely Vt every stage of 

• V preliminary report of this work has been pub'ishcd (Fedcra'ion Fiuc , 6 ISl 
(1W7)) The eepcruij of this nork uaj defrajej la part by a graa' fro a t’^e Li t J 
States Public Health Service, Committee oa Cardio.aac Jar 
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the purification heloio the fifth, (‘ousiderahle instability ot the buhstonce is 
obsei vccl 

The method of puiification dcbciihcd m detail below lepiesents a bum 
maiy of evpciience obtained with nioie than bO iiiiis, involving 000 liters 
of seium collected tiom almoht 2 tons of beef blood 

The advantages ot the pioecduie aie that it is lajnd, inexptnbive, and 
gives picpaiatioiis with leasoiuiblj constant piopeitics It permits purifi- 
cation without sciioUb losses and piov idi") a stabh pi tpaiation suitable for 
accumulation loi tuithei puiification The piociduie is adaptable to laige 
([uantitics of seiiim without elahoiati' equipment 

UVl'l lUMl NTAL 

Collcdion oj SaiDii — Clotted whole beef blood, obtained from the 
slaughtci -house m a lot of lo litem (eight buckets), is placed m a cold room 
as soon as iccoivcd The eight clots yield 15 to 20 litem of serum’ of which 
15 hteis aic piocesscd at a time Tin* fluid is centrifuged m the cold The 
collection of 15 litem ot sciiim takes 2 days 

Step 1 PjccipUalion of P)otcin!> — Tlie pioteins ate precipitated from 
the seium, aftei adjusting the pi I to I 5 to 5 0, bj' means of 95 per cent 
ethyl alcohol The pll adjustment has been Joimd iieecssar} for two rea- 
sons Fust and most impoilant is that laigc losses ot activity lesult from 
concentration of solutions above pll 7 Second, moic etkctivc removal of 
piotems IS obtained at the lowei pll The 15 litem of '-onim are processed 
m thiee 5 litei batches at this step 

5 hteis of seium aio adjusted to pll 1 5 to 5 0 with 130 ml of 2 x HCl 
Aftei the addition of 6 7 liters of 95 pen cent ethyl alcohol, the nnxtme is 
stuied well and left m the cold room ovci night The piotem precipitate 
IS removed by suction filtration, giv'ing 9 to 9 5 liters of filtrate 

The combrned filtrates (27 to 28 liters) are then concentrated at reduced 
pressure under nitrogen to about 300 ml , tire temperature bemg kept be- 
low 40° With the eciuipraent at our disposal, this operation lequned 20 
to 25 hours Losses of activity are foimd to be mcieased with mciease in 
distillatiou tmie To control foiunmg, 10 ml portions of 2-ethylhe\anol 
are added as required 

Step 2 Removal of Acetone- Insoluble Impui dies — To the 300 ml of con- 
centrate, 10 volumes of acetone are added The mixture is shalcen, then 

‘ The serum is most convementlj' collected by means of an apparatus which per- 
mits the eight clots to drain simultaneouslj This apparatus consists of a 24 gallon 
can, the bottom of which has been removed The can rests on a board w ith a circular 
opening covered by J inch rectangular mesh galvanized screen, in turn covered bj 
gauze The expressed fluid falls into the can cover which rests on top of a 9 liter 
glass jar The cover has two small holes drilled through its center 
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stirred mechanically at room temperature until the insoluble phase be- 
comes sohd This takes 30 to 60 mmutes The mixture is then chilled in 
the cold room overnight 

The clear, hght yellow supernatant solution, which contams about 90 per 
cent of the active pnnciple, is decanted from the sohd (consistmg mam h 
of morganic salts, phosphatides, carbohydrates, and ammo acids) and 
evaporated under reduced pressure m a bath kept below 40° to a v olume of 
80 to 100 ml The troublesome fo amin g which occurs as the last ot the 
acetone evaporates is controlled by mcreasmg the pressure tcmporanly 
Step 3 ExlracLion of Inacliie Substances with Chloroform — ^The nuxture, 
which consists at this pomt of a yellow emulsion with floatmg dark brown 
oil, IS transferred with the aid of an equal volume of chloroform and a lew 
ml of ethanol to a 500 ml separatory funnel 
From here on, all operations are earned out m a cold room at 5° 
Shakmg the two phases results m a stiff emulsion, which occasionally 
breaks o\ ernight ilore often it is necessary to add 10 gm oi solid am- 
momum sulfate and several ml of methanol -\ftcr standmg ovcmighi, 
this results m a sharp separation of the phases mto an upper, clear, light 
yellow aqueous layer, and a lower, brown chloroform lay er It ha.-, rarely 
been found necessary to resort to centrifugation 
The active prmciple is enturely m the aqueous phase,' ^ although the 
presence of some active matenal m the chloroform may be masked by the 
fact that the other substances m this layer are intensely vasodilator when 
tested m the rabbit ear 

Step J^ Extraction of Actiie Pnnciple with Butanol — ^Tlie uiucous lay er 
13 adjusted to pH 5 9 ± 0 3 with 5 n XaOH, 5 to b ml being required 
This adjustment is not critical The solution is then saturated iih am- 
monium sulfate by the addition of 0 0 gm of the salt per ml , and subse- 
quently extracted three times by shakmg several minutes .vath ccjual 
volumes of butanol The combmeil butanol extracts art left ovtniignt at 
— 10° and then decanted 

Step J Precipitation of iclin. Pnnciple with Diliiunc Acid — To the 
butanol extract, 150 ml of a solution of dihtunc acid (5 uitrobarbitune 
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acid) in methanol (picpaied by dissolving 12 gm of the acid in SOU ml of 
absolute methanol at the boiling point, cooling, and liUcring) aic added, 
lesulting m an immediate piecipitation ol colorhocj solid 
iUtei the mivtuie has stood oveinight at 3°, a ‘sample of the supernatant 
solution IS tested foi comploti'iiess of precipitation 1 )\ the addition of a 
small quantity of the methanohe solution of tlu m id It more piecipitate 
foims, aiiothei 10 ml of the dihturic acid solution au added to the mixture 
The piocedine is lepeated until complete jiim ipitation h obtained, mIiicIi 
IS usually indicated by a laiiit yellow coloi 
The piecipitate is collected by (eiitiifugation and la tlu n uaahcd three 
times with small quantities of cold methanol ton nioie e\c(s> dihtuue acid 
and butanol The almost coloilcaa solid is then diied in a dcaiccatoi by 
piolonged evacuation Tlie piecipitate contains o\(i '),> pei cent of the 
activity picsent in the liutyl alcohol extract 'Ihc yield horn 15 liters of 
semm is about 2 gm ol this diy prcci])itate, ( out lining 25 to 50 per cent 
of the activity found in the oiiginal scium 

Method of AtiUiij — 'riie assay'’ is made by injection into the vessels ot the 
isolated mbbit eai piejiaied as desciilud by i’age ((», 7) .Solutions ol the 
unlmown aio diluted until 0 2 ml gives u icsponse identical with tlut of 
0 2 ml of a standaid contiol solution ol the vaisoi oiiaiiictoi substance 
The standaid is a solution of material liom Step 5 pooled from tea luiia 
A concentiation of 1 2 y pci ml has been aibiti uily designated as contain- 
ing 1 unit of activity On this basis, the labbit cai piepaiatioii shows the 
lesponses to othei vnsoactiv'e subst inces rccoided m Table I The repio- 
ducibility'’ of the eai piepaiation leaponsea has been found to be 10 to 20 
pel cent The greatci lange shown foi some of the substances in Table I 
is a lesult of the inability to obtain eonstiictions with them identical with 
those of seium vasoconstiictoi The composition of the pei fusion fliud 
in gm pel Iitei is as follows NaCl S 2, KC’l OSl, MgCb bll^O 0 06, 
CaCb 2 H 2 O 0 04, glucose 1 0 , NallCOs 0 10 In addition, S ml of 1 m 
K0HPO4 and 2 ml of 1 lu KEfoPOj are added per liter 

Ptoperiies of Purified Pi epai alioii — ^Thc range of activity' ot the puiihed 
piepaiation is 500 to 1000 units pei mg The bulk of the solid is composed 
of ammonium dilitmate, analysis by’’ direct ncssleiization shows GO to 85 
7 of NHs pel mg The results of othei coloi tests on this mateiial aie 
shown in Table II 

The heat stability of the substance in solution appears to be considerably' 
increased by the fifth stage m purification For example, neithei heatmg 
at 100° for 5 hours at a concentration of 1 mg per ml noi standing for 1 
month at room temperature at this concentration resulted m significant m- 
activation Whether this mci eased stabihty is due to the stabilizmg mflu- 
ence of the dilituric acid 01 to the lemoval of reactive impurities is not 
known 
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The matenal does not show appreciable solubihty m organic sohents 
However, it can be dissolved in boiling water to the extent of 8 mg per ml , 
but readily crj’’stallize3 on coohng The solubihty at room temperature is 


Tvble I 

Aclivily of Seieral VaMconslrictor Substances tn Perjused Ear Pr^-para 

lion. Based on Arbitrarily Defined Unit of iclivity 


Substance 


Units per mg it 1 tj pe ml 


Epineplinne hydrochloride 
Ty ramine 

Histamine phosphate 
Trjptamine hydrochloride 


50,000-100,000 
500- 1,000 
3,000- 4,000 
5 000 


Table II 

Color Reactions oj Purified Material of Step 5 


Color reaction 


Gorngross-VosS'Horfeld for p hy droxy pheny 1 
groups 

Pauly diazo for imidazoles 
Sakaguchi for guanidino groups 
Folin Ciocalteu for phenols, tndolea, etc 
Ferric chlonde 


Stardard* 


Ccnsparable 
color obtained 

r irniit ppt- 
oz^ btep 5 


7 cf 


Ty roeine 2-3 

Histidine ‘ 2-3 

Arginine <2 

Tyrosine 10-21 

Epincphnnc <2 


• The quantity of standard substance used for color development is 10 y for all 
reactions except the Gerngross \ OsS Uerfeld reaction uluch requires 50 y 


Txble III 

Dialysis of '^crum Vasoconstrictor lyainst 3 Volumes oj 0 01 sr Pho phaie Buffer, 
pH 7 4, at without Stirring 



Icls de 

j 0-,t de ca4x; 

srs 

p<r inS 


0 

coo 

0 

24 

300 

IsO 

4S 

oOO 

yo 

4S, buffer solution replaced after 24 hrs 

125 

“5 


about 2 mg per ml , at 5'^, slightly luore than 1 mg per ml llei^a'ed 
reerystalhzation irom hot aater can be aTected without any app'^ccub’e 
ehango m the activity oi the precipitate High concentrations of ac i.it,. 
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in aqucoute. solution luo easily obtained by leinovin;' the dilitura acid as its 
insoluble magnesiuiii ‘-.ilt (S) with AlgC'b oi N’o lo-'-) ot activity h 

encounteied in this pioceduie, but the use of ba^u lnugIu■^lU^■l salts result-* 
in consideiable iiiai lu ation (30 to oO pei cent) 

Studies on tlie ( lieinieal inactivation will he icjioited in a subsequent 
publication 

Some Fiopcilitb oj Active uuiple A:> Found in Sei iini' -VainMc etlects 
have been oliseived with legaul to stability ol the substance in '-eimn, but, 
in geneial, ci'iitiituged seiuin lo-<cs about half its activity in .3 days at 5° 
(’onsuleiabh' disagu'enieiil exists conci ining tin dial> /ability of the 
seiiiin VMsocoustiictoi Quantitative data nicasui ing this piopertj aie pic 
seated m Table HI 'I’lie ii suits induate that tlie siibstaine not oiilj dl- 


l ' mmi I\ 

CoiiLLiiti ulion tnid llccoitry oj Bcif t'ivrum \ n uicumlnclor 


I ractiun 

On, inal ^cruni 

Dry Tci;ht 


uni// p<r 1 

until (sr ms 

Serum 

too, 000 

1 

Ltbiinol fillrale, iSlop 1 

210,000 

10 

Vqueous concentrate, iOO ml, Step 1 

1.30,000 

10 

Veetone supernatant, Step 2 

1.10,000 

OO 

Chloroforln-^\ ashed aqueous phase, Step i 

120,000 

200 

Butanol extiaet. Step 1 

100,000 


Dilituiic acul ppt , Stc[) d 

100,000 

750 


alyzes vciy lapidly and coinpletcl^, but that it is not appieciabli adsoibed 
by seium pioteins 

The range in activity found in beet seium is 100 to bOO units per ml 

DIbCUSSIOiN 

A summaiy of the puiihcation pioccss with regaid to concentration and 
lecovei}’’ of actuuty is piesented in Table IV 

The question of the presence of multiple substances being lespoiisible tor 
the vasoconstiictoi effect of seium (2, 9) is not answered b^ this study 
flowevei, the unitoimity of behavioi of the active m iteiial thioughout the 
puiification pioceduie, as well as the high lecovei}’’ ot activ ity iiom seiiun, 
aigiies foi the piincipal measuied effect as being due to a single substance 
Ceitain physical piopeities, such as dialysis, aie also consistent with this 
view As can be seen fiom Table III, the late ot dial^^sis is appioxmiately 
the same, starting wuth fiesh seium and with seium tiom which half the 
activity has alieady been lemoved by dialysis 

If the assumption is made that the effect is due to a single substance, 
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thea the data presented m Tables I and II rule out epmephrme, tyraraine, 
histamine, and tryptamme on the evidence of activity-color ratios For 
example, the value for the activity of epmephrme is 50,000 to 100,000 umts 
per mg The comparative color given by epmephrme m the feme chlonde 
test IS 1000 7 of standard per mg , since epmephrme is u«ed as the color 
standard The ratio of activity m units per mg to color m micrograms of 
standard per mg for this test is theiefore 50 to 100 for epmephrme For 
the punfied matenal of Step 5, the ratio is >350 The fact that this ac- 
tmty-color ratio is much greater with the punfied material than mth 
epmephrme, coupled with the assumption that activity is due to a single 
substance, makes it impossible for epmephrme to be that substance 
A s imil ar argument may be apphed to the other compounds i\7th the 
Fohn-Ciocalteu reaction for tyramme and tryptamme and the Pauly reac- 
tion for hist amin e 

Further experiments aimed toward ultimate isolation and charactenza- 
tion of the active matenal are m progress 

The authors wish to thank Mr John M Means, Miss ^Martha Bender, 
and Miss Elizabeth Hunt for valuable assistance 

SUiQLVRY 

A five-step purification is desenbed which results m a 200-fold concentra- 
tion, on a dry weight basis, of the serum vasoconstnetor, a substance wluch 
appears durmg the clottmg or defibnnation of blood The reco\ erj of ac- 
tivity IS 25 to 50 per cent of that m the origmal serum The prmcipal ad- 
vantage of this procedure is that it 3 aelds a preparation mth enhanced 
stability permittmg accumulation for further purification 
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BIOCHEillCAL TRANSFOPaL^TIONS AS DETERMEsED BY 
COIMPETITR'E AArALOGUE-:METABOLITE GROWTH 
INHIBITIONS 

VIII AN INTERREL VTIONSHIP OF METHIONINE AND LEUCINE* 

By W M HARDING and WILLLAM SHIVE 

(Prom the Biochemical Inslitute and the Department of Chemistry, The Uniierstty 
of Texas, and the Clayton Foundation for Research, Austin) 

(Received for publication, March 15, 1943) 

After Harns and Kohn (1) first reported the prevention of the toxicitj 
of norleucine by methionine for Escherichia call, Porter and Me>ers (2) 
found that norleucme m preventmg gro^vth of Proteus morgann ■was com- 
petitive ■with methiomne Lampen and Jones (3) recently demonstrated 
that norleucme prevented competitively the functioning of methionine in 
Escherichia coli 

The technique of inhibition analysis, which has been used successfully 
in determimng the biosynthetic sequence of metabohtes m several sj'stems 
(4-6), has been employed m the present m\ estigation of the toxicity of 
norleucine for Escherichia cell Of the kno^wn naturallj occurring ammo 
acids, methiomne alone prevents competitively the toxicity ol norleucme, 
however, leueme but not the correspondmg keto acid prevents the toxicity 
of norleucme m such a manner as to suggest that methiomne functions in 
the biosynthesis of leueme, probably m the ammation of a-keto-y-methy 1- 
valeric acid The ability of isoleucine ind valme to replace leueme m 
preventing the toxicity' of the inhibitor suggests that the biosymtheses of 
these ammo acids also mvolve the enzymatic reaction which is blocked by 
norleucme Details of these and related findmgs are presented below 

EXPERtREXTAL 

Testing Methods — For tests with Escherichia coh the medium was pre- 
pared as followo Na^SOi, anhydrous, 1 gm , NHtCI 1 gm , KjHPOi 
OS gm , MgSOj 711-0 SO mg , glucose 2 gm , and Fe(NHi).(SO«)j GH.O 
20 mg were disaohcd m 100 cc ot distilled water, steamed for 5 mmu^c::, 
and filtered after cooling to room temperature For assays, 5 cc of tins 
double strength bisal medium were added to the test nnitenaL contmned 
in o cc ot w iter The tubes were capped, lutoelue-d 10 mmutes at 15 
pounds ste im pressure, cooled, and inoculaterl Tmus md temoeruuris 
of lueubilion ire given m each table 

* For the inoat part from a tl esis submitted by U M Ha-diag to The Lm er-it\ 
of Texas m partial fultilmcnt of the require Ticuta for the degrio of of Ar's, 

August, 1945 
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HIOCniiMICAIi TltANSrOltMA'lIONs Vlff 


The oigmiism wns a pioviously ih'seubeii (1) atuiiu of EbJiuichia coh, 
maintamccl by luoiitlily tiansloi-i on 1 pin Ltnvt ghiuoae, 1 ptr cent yeast 
extiaet, and I o pei tent agai but gioun loi at least two daily transfeison 
the inoiganie salls-glucose nieduun doitnibed above befoio UiC in the tests 
icpoitcd 111 Tables I, If, IV, and V 'I’lie data in the other tables were 
obtained by use of this same oiganism giown foi at least eight dail> trans- 
feis in the moiganie salLs-glueose medium supplemented with I to 10 ing 
of DL-methionine pei 10 le Such “tiaiiimg” ol the oiganism did not 
lesulfc m tests winch w^eie ((u ditativcly dilleicnt limn tests obtained with 
the “untiained” stiain Thi' inoeulum loi a test was piepaied by cen- 
tiituging a 10 ce daily tiaii-'lei after 11 to IS hoiiis growth, washing the 
cells in 10 Cl of 0 0 pei tent sodium chloiide solution, and lesUspeiiding in 
10 cc ot the sdiiie solution V chop ol a 1 100 dilution of tliii suspension 
was used to moc ulatc each tube of the test 

The basal medium usi'd foi the tests with J (uIoIhuiUu'i ptnloms was that 
of MeiMahaii and .Snell (7) with the omission ot leiii me, isoleucine, valine, 
metluouinc, noileucine, noivuhnc, hydio\> piohiie, idemne, guanine, and 
xauthine and the doulilmg of the amount of .Salts \. This mt dmm was not 
suffaciout toi giowth, but .ihundant giowth was obfamed m 21 lioiiis when 
leueme, isoleucmc, and valine wcae added ft tin ic* tiuec inuiio iitids were 
omitted and a-kcto-y-methylvalenc acid, a-keto-d-methj Ivalc iic icid, and 
a-hydioxyisovaloiR acid (I mg each pea 10 tc ) wiae included in the 
medium, good giowth occuiicd m 2 dajs Hetou the oigatusin was used 
in a test it was giowm m five successive* 18 horn tivUisfeis m the tatter 
medium, aftei which time good giowth w is oht'uiied m 10 to Iti hours in 
tins medium 

The tests piepaied loi moeutalion with LadobuuUu'i ptulo^u^ were 
autoclaved 15 minutes befoio inoculation The oiganisms to be used for 
inoculation wcie cciiliifuged and WMshed as dcsciilied loi Esihcuchia toh 
The washed suspension was diluted 1 20 and 1 chop ot this Mispension was 
used to inoculate each tube 

Results — Ot the ammo acids noimally occiuimg m pioteiiis, onl}' methi- 
onine, leucine, isoleucine, valine, glutamic acid, and thiconme pi evented 
the toxicity ol noi leueme foi Eschenchia toll to any sigmficiuit extent, 
then lespectn'-e degiees ot ehectiveness decieasmg m the oidei named 

As IS shown in Table I, methionmc levei&es competitively the inhibitoiy 
eftect of noileucine on Eschenchia toll The molai latio ol DL-noileuciue 
bo DL-methionine just necessaiy to pievent the giowth of the oiganism 
(the antibacLeiial index) (8) is within the lange ot 30 to 100 luidci the 
testing conditions employed The autibacteiial index detei mined with 
the addition of 100 y of L-leiicme pei 10 cc ot medium w*as appioximately 
10 times the latio obtained in the absence ot exogenous leueme 
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Separate expemnents indicated that leucine, isoleucine, •valine, or an\ 
four mixtures which can be made with leucme, isoleucme, and ■valine did 
not competitively prevent the toxicitj’' of norleucme 

However, as is indicated m Table II, mcreasmg concentrations of leucine 

Fvble I 

Effect of Leucine on Vorleucine FoxtcH’j 
Test organism, Escherichia coli, incubated 15 hours at iS-30’ 


Gal arosicUr reading 


DL-Norlcucinc 

DL-^ielhioame 

i 

Ulthout L Icaanc | 

\\ jtii L Ic’-cise 
(ICO y per 10 cc-j 

y Per 10 u 

y per tO cc 

f 


0 

0 

32 , 

55 

10 

0 

10 

53 

30 

0 

2 

16 

100 

0 


2 

0 

3 

>1 

59 

30 

3 

52 

59 

100 

3 

32 

ss 

300 

3 

5 

50 

1,000 

3 

2 

s 

0 

10 

54 ' 

54 

100 

10 

oC 


300 

10 

22 

57 

1,000 

10 

2 

45 

3,000 

10 


IS 

0 

30 

56 ^ 

55 

300 

30 

60 1 

59 

1,000 

30 

10 

>1 

3,000 

30 

2 

U 

10,000 

30 


3S 

30,000 

30 

1 

1 

S 

0 

100 

03 

<50 

1,000 

100 

55 

oO 

3,000 

100 

14 ' 

5 

10,000 

100 

2 

4=V 

30,000 

100 


14 

Vntibactenal inde> 


30-100 

OuO-Ioxl 

• V measure of culluro turbiditv 

disttlKd v\a cr reads 0 an 

(ipa piu o' J' ct KO 
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tions suggested the possibility of eontamin.'itiou ot the i--lcucinc with 
methionine An assay for methionine in the leucine the method of 
Stokes cl al (9) with SU cptoLOCUi!> faualu II indieuted that the quantity 
of methionine present was inauthdcnt to account totally foi the olTects 
shown m Table II However, DL-lcuemc (synthetic and picsumably free 
of methionine) w’as tested against norlcucino m the b.imc manner as n-leu- 

rviice II 

Ej}ccl of Incrcabiug ConctnlJtitwm of I uiano on iVorUucii > Toj’trily 


Test organism, EscliLnchia coli, inciilmtcd It hours at 37-33’ 


DL NotlcUCillC 

L 1 cucinc 

Galvinomclcr rcailiPs 

7 per 10 cc 

7 per to cc 


0 

0 

53 

10 

0 

IG 

30 

0 

1 

0 

10 

57 

10 

10 

u 

30 

10 

10 

100 

10 

1 

0 

30 

50 

10 

30 

11 

30 

30 

23 

100 

30 

1 

0 

100 

57 

10 

100 

5-1 

30 

100 

32 

100 

100 

2 

0 

300 

52 

30 

300 

50 

100 

300 

S 

300 

300 

O 

0 

1000 

54 

30 

1000 

51 

100 

1000 

3S 

300 

1000 

O 

0 

3000 

54 

300 

3000 

51 

1000 

3000 

6 


cme, and at high concentiations DL-leucme pi evented the toxicity of nor- 
leucine in a mannei similai to that of L-Ieucme, howevei, the effect of 
DL-leucme at highei concentrations caimot be described as competitive in 
that 10-fold mcreases in concentration of DL-leucme (300 to 3000 y and 1000 
to 10,000 y per 10 cc ) requiied only 3-fold mcreases m concentiation of 
uorleucme to inhibit growth of the organism m several tests 
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The effect of increasing concentrations of leucine on the toxicity of nor- 
leucine is further shown in Table III which indicates the effects of 100 and 
3000 7 per 10 cc of DL-leucine on the antibactenal index In this and 
other tests, low concentrations of leucme (30 to 300 y per 10 cc ) increase 
the antibacterial index from 3* to 10-fold Higher concentrations of 
leucme further prevented the toxicity of norleucme, and the effect was not 
completely “diluted out” by high concentrations of methionme 
In Tables IV and V, the effects of DL-vahne and DL-isoleucme on nor- 

Table in 

Effect of Increasing Concentrations of Leucme on Inhibition Index 


Test organism, Escherichia call, incubated 16 hours at 37-38“ 


DL-Norleucice 

DL-lIethioame 

Galvanometer readings 

without DL leucme 

With DL>Ieuane 
(IOO 7 per 10 cc.) 

' With Dt*Ie-cme 

(5000 7 per 10 cc.) 

Y ftr 10 cc 

y ter 10 ce. 




0 

10 


48 

46 

300 

10 


44 

46 

1,000 

10 


13 1 

46 

3,000 

10 


6 1 

38 

10,000 

10 


1 

5 

0 

30 

52 

50 

44 

300 

30 

45 

47 

46 

1,000 

30 

12 j 

38 

46 

3,000 

30 

5 

7 

40 

10,000 

30 


5 

21 

30,000 1 

30 



5 

0 

100 

54 

50 

45 

1,000 

100 

46 

50 ! 

■15 

3,000 

100 

5 

35 ' 

44 

10,000 

100 


5 

33 

30,000 

100 



8 

Antibactenal index 

30 Ca 

100 Ca 

300-1000 Ca 


leucme toxicity are shown The addition of either ammo acid to the me- 
dium resulted m a higher antibacterial mdex by approximately 3-iold 
The relative effects of leucme, isoleucme, and valmc are mdicatcd m 
Table VI At a concentration of 200 y per 10 cc and m the prcicnec oi 
10 7 per 10 cc of DL-metliionine, which was med for the purpose ui pre- 
V entmg any possible precursor effects, DL-lcutme was slightly' more effccti. c 
than DLrisoleucme, which in turn was slightly more effective than dl-, Jmc 
This order of activaty' m other tests was oiten more pronounced In- 
creased concentrations of DL-noIeucme or on-valme did not give an effect 
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himilar to that given by incroabed ooiicentiationa ol oL-loucine Hoivever, 
a mixtuie of the two uaa able to icpluto leuLino in pioducing tbia effect 
In sepal ate expeuments, a-kcto-y-inothylvalciic aeitl, a-lceto-;S-niethyl- 
valeiiG acid, oi a-hydioxyisovnleiic acid had no cfFcet on the toxicity of 
noileucme foi Eiichcnchia coli in the moiganic salta-glucobe medium 
In the modified aiiiino acid medium containing a-keto- 7 -niethyIvalcnc 
acid, o:-lceto-/?-mot!iyIvaleiic acid, and «-liydro\y isovaleric acid, nor- 


T\au IV 

/i'jftcl of Valtno on l^orltuciiio Toxicily 
Test oii'iiinsm, Eathcrichia colt, niciibiitcd It hoiira 


GiI\,aaomclcr tcKlmgi 


DL Norlcucinc 

OL Methionine 

without valine 

With Bt-vilice 
(ICOYperlOcc) 

Y per 10 ee 

0 

Y per 10 cc 

0 

52 

-- 

00 

10 

0 

10 

53 

30 

0 

1 

16 


0 


1 

0 

3 

51 

51 

30 

3 

62 

59 


3 

32 

19 

300 

3 

5 

15 


3 

2 

J 

0 

10 

5-1 

57 


10 

5G 

5b 


10 

22 

53 


10 

0 

31 


10 


•1 

0 

100 

63 

62 


100 

55 

5-1 

3,000 

100 

11 

46 


100 , 

0 

0 


Antibacterial index 30-100 100-300 


leucine at a concentiatiou of 1 mg pei 10 cc almost completely prevented 
growth of Laclohacilhis ■penlosus As is mdicated m Table VII, the in- 
hibition was pi evented m a competitive mannei by metliionme, and at a 
ratio of noileucme to methionine of appioximately 3000, complete in- 
hibition of giowth was ]ust attamed Leueme also pi evented the toxic 
action of norleucme m a mannei somewhat suggestive ol a product of an 
inhibited enzymatic reaction, however, the lange of concentrations which 
could be tested by this method was msufficient to demonstrate eSectively 
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Table V 

^Effect of Isoleuctne on Norleucine Toxicilu 
Teat organism, Eschenchta colt, incubated 14 hours at 37-38^ 


Gilvanosietei icidisss 


DL-Norlcuanc ' 

1 

DL*MeUuoainc 

\ 

1 

Without i&olcuonc ^ 

' With DZ^isolcuace 

1 (200 7 per 10 cc.) 

7 per JO u 

0 

y per 10 u 1 

0 , 

57 

55 

10 


i 1 1 

! 50 

30 

0 

1 

2 

0 

10 

I 51 1 

! ^ 

100 

10 

! 55 

i 57 

300 

10 

1 17 

i 56 

1000 

10 ; 

2 

15 

3000 

10 i 

1 1 

1 

7 

0 

30 : 

50 

53 

300 

30 ' 

1 56 

53 

1000 

30 1 

2 ' 

53 

3000 

30 

1 


3 

1 

Antibacttnal index 

30 Co 

100 Co 


Table VI 

Relative Effect of Leucine, Isoleuctne, and Valine on Toxicity oj Norleucine 
Test organism, Escherichia coli, incubated 15 hours at 35-39° 

Ga1> z^cdcUr zcidizgi 


\mliio acid** j DL-Norltucme, 7 pci 10 cJ 



1 

[ 

I ^ . 

Ko ; 

lOuO 


ItJOyO 


7 per 10 cc 



1 



None 


50 

15 

1 



UL-Valine 

JOO 

50 

45 

t> 

1 


<( 

j 9000 

48 , 

46 

20 

1 


DL-Iboleucine 

200 

50 

40 

29 ' 

1 



2000 

49 

-.0 

23 1 

1 


DL Leucine 

200 

49 

50 

33 

1 


ulrLcucino ] 
i)L Isoleucine 
i>L-Valine 1 

200 each 

ol 

uO 

47 i 

19 

> 

uL Isoleucine 1 
i)L-\ aline | 

[ 200 

49 

tb 

41 

1 


iiL Iboleucini. 
UL \ alint j 

i 2000 

-1^ 

4b 

47 

43 

9 


• In the presence of 10 y ptr 10 cc of pL-zacthiorune 








760 
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that thi3 was the ease Neither isoleucme noi valine at concentrations 
of 1 mg pel 10 cc had an}’' appreciable cllcct on tlie tovicitj of norlcucine 
/or Laclobacillus ■pcnlosus in this medium 

In Table VIII, the elTcct of leucine and glutamic acid and the two 
combined on the toxicity of noileucmc lor Eschuichia toll is indicated 

Tauic VJI 

liffcct of Mtlhtonina ami Ltutmi. on Toxialy of \urltutinc jor Laclobacilliu 

pentoaus 

Test organism, Lactobnoillus ptnlosna, mculmted 10 hours at 30“ 


DL KorlLUCtDC 

(jiIvanuT ctef rcaditi i 

OL Methionine 

DL Leucine 

0 r pet 10 cc 

10 y per 10 cc 

0 

17 

52 

300 

41 

46 

1,000 

11 

15 

3,000 

3 

1 


1 7 p<r 10 cc. 

30 y per 10 cc 

0 

53 

IS 

300 

4S 

56 

1,000 

24 

27 

3,000 

0 

11 

10,000 


2 


3 y per 10 cc 

lOO y per 10 CC. 

0 

5G 

53 

1,000 

31 

5-1 

8,000 

25 

42 

10,000 

7 

25 


10 y per 10 cc 

300 y per 10 cc 

0 

60 

61 

3,000 

63 

G5 

10,000 

38 

60 


Each exerted its effect mdependently of the other Leueme m this case 
mcreased the antibacteiial index- lO-fold, glutamic acid 3 -fold, and the two 
combmed mcreased the antibacterial index 30 -fold The effect obtamed 
with glutamic acid can also be obtained with a-ketoglutaiic acid (at con- 
centrations as low as 10 7 per 10 cc ) 01 with pantothemc acid (1 7 per 10 
cc ) or thiamine (1 7 per 10 cc ) The effect as mdicated m Table VIII is 
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not enhanced by mcreased concentrations of these substances, as is the 
case with leucine and with a mixture of isoleucme and vahne 
Separate experiments with Escherichia coli indicated that DL-threorune 
(100 7 per 10 cc ) and DL-homocystme (100 7 per 10 cc ) ere capable of 
preventmg the toxicity of norleucme at concentrations 3 to 10 tunes that 

Table VIII 

Effect of Leucine and Glutamic Acid on Toxicity of Norleucine 


Test orgarustn, Escherichia coli, incubated 15 hours at 37-33° 


DL-NorleuciDc 

DL*Methionine 

GalvancsactfiT tcidirgs, si.ppIc=Ltat 

None 

! 1 

DL>L<Qcine 1 
(600 -y per 10 cc ) 

t-GIuUsiic lad 
(3wO y per 10 cc.) 

DL'Lct.ClCe ( 60 O y 
per 10 cc ) L s'a 
Uaic aad (3°0 7 
per 19 cc.) 

y ptr JO u 

1 y per JO ct 

1 




0 

I 1 

00 

56 

1 5o 

56 

30 

1 

! 54 

55 

[ 53 

55 


1 1 

i 

50 

49 

57 


j 1 

1 

47 

1 

57 


1 


1 


32 


1 




r» 

A 


3 

00 

55 1 

55 

55 


3 

56 

55 ' 

54 1 

57 


3 

9 

54 

45 1 

57 


3 

1 

47 

11 

53 


3 



2 1 

15 


3 


2 

1 

4 

0 

10 

55 

55 

57 

57 


10 

46 

56 

57 

59 


10 

4 

54 j 

35 j 

57 


10 


31 

6 

47 


10 


5 1 

2 j 

16 


10 

i 

3 


4 

0 

30 

55 j 

54 

55 

55 


30 

21 

52 

54 i 

57 


30 

4 

43 

32 1 

55 


30 


14 

0 1 

1 43 


' 30 

1 


4 


i 10 

I 

Antibacterial index 

100 Co ; 

1000 Co 

300 Co 

50 jO Co 


neci.AC3.ir} lor the same degree 01 inhibition m a salts gluLOAC modiuru in the 
ibseiice ot theccc substances Iloucicr, m a mc-dium containing 10 7 per 
10 cc of DL-meihiomne, these ammo acidcj exerted no cTect 
Xorleucmc m separate tests was lound to Lc simcrgiat’c i.itn J-oio-i- 
iimdozolidinecaproic acid m presenting the gro..ih cf cc » 
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By combining cacli uimloguo in tippro\iiniitcly onc-lourth the amount 
noocbbiuy alone foi complete inhibition of growth, the giowtli of Ebcherirhia 
roll m the saltb-glucobe medium was com])letely pi evented 

niSCUbblON 

In pieviously lepoiled consideiationti of Lompetitue analogue-metabolite 
giowth inhibitions of bacteiia, exogenous siibbtanct s othei than the metab- 
olite wdiieh arc capable of picnenting the toxicity ot the analogue are (a) 
piecurboib ot the metabolite (5), (5) the product of the (‘n/>inati( reaction 
“blocked” by the analogue (1), and (c) bubstancts ixeiting a “dpanng 
action” on the pioduet of this enzymatic reaction (10, 11) V fointh 
type of agent capable of exciting buch an ellect imludcb (d) '-uhstaiiccb 
capable of incieasing the eflcctue enzyme coiicentiation 
The ellect of a piccuisoi («) of the metabolite is “diluted” (5) by in- 
cieabing the concentiation of the metabolite, and the antibacterial index 
determined at the higliei concentiation of the metabolite is identical with 
that dctci mined in the abbcaice of the piecuibOi Uiion buppljing ade- 
quate lunoiintb for grow’th of the piodiict of the “blocked” enzjmatic 
leaction (6), the analogue eithei becomes ineriectne as a giowth inhibitor 
or at higher concentiatioiib allects aiiothei enz>mc bjbtem utilizing the 
metabolite (4) In the lattei case, the aiitibactenal index coricbponding 
to tins new system ib higher than that detei mined in the abbonce of the 
pioduct The antibucteiial index determined in the piesence ot rereismg 
agents of types (c) (10, 11) and (d) in\uiiably is inci eased over that de- 
termined in the absence of such agents 
The actions of reversing agents of tyjieb (c) and (d) aie demonstrated 
most leadily by the folloiving simple system undei testing conditions which 
have limitations previously desciibed (1) 

+ .S pi ES -> P + K 
A’ -p / pi El 

From these equations, as previously discussed (4), 

m KxlEI] 

[51 “ Ks[ES] 

where Ki and Ka aie the dissociation constants of the mhibitor (analogue)- 
enzyme complex and the substiate (metabolite)-enz3Tne complex, respec- 
tively, [7] and [)S] are the concentiations of the inhibitoi and substrate, 
lespectively, and [El] and [£')S] aie the concentiations ot the inhibitoi- 
enzyme complex and the snbstiate-enzyme complex 
If [Bt\ lepiesents the total eftective enzyme concentiation, then 

[Bt] = [A’5] + [EI\ -f [E\ 


(2) 
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where [E\ represents the concentration of free enzyme not associated with 
either the substrate or inhibitor Since under testing conditions, [i?] — > 0 
with increases in the concentration of substrate and inhibitor, t e enzjTne 
saturation is practically attained, [E\ may be neglected m determmmg 
[ET\, which IS relatively large Thus when [E\ is neglected in equation (2), 

[EI\ = [E,] - [^S] (3) 

Substituting for [El] in equation (1) gives 

m ^ K, \IE,] - [£5]1 

[S] KaiES] ^ ’ 

Smce the ratio of [/] [<S] is detenmned imder conditions such that the rate 
of synthesis of the product, P, from ES must be constant (4), imder the 
defined condition m which only [/], [<S], and [Et] may be varied by ex- 
ogenous substances, [ES] must be constant and relatively small m com- 
parison to [El] Consequently the antibacterial mde\, f/] fS], will vary 
almost directly with [Ei] 

Tims, substances capable of mcreasmg the effective concentration of 
the inhibited enzyme (cl) will prevent the toxicity of the analogue inhibitor 
in such a mannei as to increase the antibacterial mde\ 

The same Ime of leasoniiig can be applied to substances exertmg a “spar- 
ing action ” If exogenous substances act in such i maimer as to decrease 
the amount of pioduct P necessary for growth, [P»S] must lie dunmished 
by mcreasmg [/] [S] if giowth of the organism is to be prevented In 
this case it is apparent from equation (4) that if [P/] is assimied to be 
constant m the absence of leversmg agents of tjqic (d), the antibacterial 
index vines almost mversely watli [P<S], since [P(] is i datively large in 
compaiison wath [P*S] under testing conditions Since the amount of 
product synthesized is directlv proportional to [L’S], the decrease m the 
iniount of P reciuired by the organism resulting from the addition of thc-c 
substances exerting i “spiring action” is reflected bv practic illv a pro- 
poitional increase in the autib icterial index 
Since reveising agents of types (5), (c), and (d) ire capible ol effecting 
111 inciease in the intibictenal index, a system of diffcrtiitiating these 
effects Is desii ible Vlthoiigh, it has not is yet been pos-ible to devise a 
system loi isolated cases, a group oi agents effecting changes in the anti- 
bactend index can usually be diffcreiitiate-d into the various clas.-cs 
heviising agents of type (c) ind (d) ixtit their effects indi peiideiitly 
ol the other, but neither exeits in tffcei in the preseiiei oi the iirixluet 
type (b) Lsiidly the eh inge in the aiitibaeteri il index re 'lilting iroia 
supplviiig i re Versing agt ill of t\i>e (d) will U ol i loa order ul ii'^^nituih, 
Usuillj lull deteetcel under testing conditions, wink that oi tjpe (6) s 
Usually relitively large Wlien the “sparing action” of a re.ersing „ait 
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of type (c) IS that of bupplymg u sccoiulaiy pioduct dcnvcfl from the 
piiniaiy pioduct, the niagnilude of the change in the antibactcnal indc\ is 
often iclativcly huge Otlier types ot spaiing actions aic trcqucntlj 
encouuteied 

Ilenco, foi the gicab inajouty ot cubes, on supply ing a suhbtanco to the 
growth medium, an mcioabc m the antibactcnal mdc\ of 'i-told oi greater 
IS a good indication that the metaijohte functions dircctlj oi indirei tly m 
the biosynthesis of the substance oi its equivalent 

A study of the competitive inliibitioii by norleucinc ot tlie lunctioning 
of methionine led to the dibcoveiy of nine dilterent substances uhich arc 
reveising agents ot the inhibition The (*ficcts of two of tlicsc, threonine 
and homocystine, weie “diluted" at highta conccntiatioiib of the metabo- 
lite and may be considered as piecuibOis of mothionme Tlu* antibacterial 
indices determined in the picscnce of the othei scicn even at higher con- 
centrations of methionine woic mcie.ibcd over that determined in their 
absence Glas&ilication of thcbC bubstances under the leverbing agents 
of types (6), (c), and (d) was desiiablc 

The membeis of one gioup, a-kctoglut iric acid, glutamic acid, panto- 
thenic acid, and thuunme, wcie mtei changeable under tlie conditions of 
testing Each member of thib gioup ot icv erring ageiitb was incapable of 
preventing the to\ic action ot noi leucine bciond i definite latio of analogue 
to metabolite, and m the picscnce of one, the otheib were not cth’ctivc 
This ratio was usually about 3 times the antibacterial index detia mined 
m their absence 

Leueme, isoleucinc, and valine weic a second gioup ot lactors which 
appealed to be slightly difteient in then mode of pun eating the toxic action 
of the inhibitoi Incieasing concentrvtious ot Icucmc lequiied incicabing 
concentiations ot noileuoiue toi inhibition of giowth, but the action was 
not stiictly competitive Eithei isoleucme oi vahno was capable of excit- 
ing an effect of a magnitude bimilai to that of the hrbt gioup, howevci, a 
mixtuie of these two amino acids icplaced leiicmo in giving this eitect 
The lepoited mutual antagonistic action of the twm keto acids coiicbpond- 
ing to valine and isoleucme (12, 13) as well as the ammo acids thembclves 
(14) suggests a basis foi the lequiiement ol a mixture of tliCbe two ammo 
acids in oidei to attain the maximum effect ol leucine The ofleet of high 
concentiations of leueme was not eflectiv'^ely “diluted” bj iiici eased con- 
centrations of methionine, so the effect is not meiel}’- mei easing tlio pioduc- 
lion of methionine A membei of eithoi the fiibt oi second gioup of le- 
versmg agents was capable of exeitmg its eftect m the absence oi m the 
piesence of a membei of the otliei gioup, as is demoiistiated in Table VUI 

Since both thiamine and pantothenic acid function m the biosynthesis of 
a-ketoglutaiic acid, it appeals that then effects may be to enhance pioduc- 
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tion of a-ketoglutanc acid 2-Oxo-4-imidazolidinecaproic acid, which 
apparently prevents the bi033Tithesis of c-ketoglutarate by the organism 
(15), acts synergistically with norleucme m preventmg growth of Escherichia 
coll It appears that a-ketoglutarate may therefore fimction as a reveramg 
agent of type (d) 

Smee the first group shows an effect m the presence of the second group 
of reversmg agents, the second group probably represents reversmg agents 
of type (c) The effect of high concentrations of leueme may be due to a 
reverse reaction whereby leueme further “spares” the immediate product 
of the blocked reaction The inactivity of the correspondmg keto acids 
of leueme and isoleucme suggests that norleucme prevents the fimction 
of methionme m an enzyme ^stem dealmg with the transfer of ammo 
mtrogen The mvolvement of «-ketoglutarate is suggestive of trans- 
amination The activities of leueme, isoleucme, and vahne mdicate a 
common source of mterchangeable ammo nitrogen m their biosyntheses 

SUilMABY 

The types of reversmg agents other than the metabohte m competitive 
analogue-metabohte growth inhibitions are listed, and the types of effects 
obtamed with each are discussed 

A study of the competitive inhibition of the functionmg of methionme 
by norleucme has been made with Escherichia coli and Lactobacillus penlo- 
sus For Escherichia colt, mne substances other than metluonme vs ere 
found to affect the inhibition Threomne and homocystme were found 
to affect the inhibition m a manner characteristic of precursors Pan- 
tothemc acid, thiamme, o-ketoglutanc acid, or glutamic acid was found 
to be mterchangeable m exertmg an effect on the inhibition which was 
characteristic of substances mcreasmg the effectiv e enzyme concentration 
of the reaction 'blocked” by norleucme Leueme or a mixture of iso- 
leucme and valme exerted an effect which suggests that methionme func- 
tions m the biosynthesis of those ammo acids, probably m the ammation, 
smee the correspondmg koto acids were inactive 
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LETTERS TO THE EDITORS 


PH03PH0RYLA110X COUPLED TO ELECTRON TRANSPORT 
BET\\*EEN DIHYDRODIPHOSPHOPYRIDIN'E NUCLEOTIDE 

.\ND OXYGEN* 

Sirs 

Mea-,iuement of efficiency of aerobic phosphorylation coupled to oxida- 
tion of pjTUx ate o\ er the Ivreba tricarboxylic acid cycle has disclosed that 
•in average of 3 moles of inorganic pho^pliate become-, e^tenficd diinng 
the passage of a pair of electrons fiom substrate to oxygen ' 

Phosphorylation Coupled to DPXII, Oxidation 
Warburt vessels contained 0 30 ml of enzjme preparation, 0 005 m MgSOi, 0 05 
M KCl, 0 02 M glycylglj cine buffer, pll 7-1,0 002 m \TP, 1 5 X lO"-* m cj tochromo c, 
186,000 counts per imnute, as inorganic phosphate, and pyridine nucleotides in 
total volume of 1 0 ml Incubated in air at 30“ for 7 minutes Other conditions are 
indicated belon 


txpcnmeQi No 

Per ce:;t of co^inu in xcid 
sol-VceslcrujcsiP 

P'jsDPXHj Plt-.»DP\ 
lias) lias) 

1 

Complete system 


' 23 3 ' 

1 90 

2 

ft ft 

VTP omitted 

' 9 25 

0 520 

3 

14 44 

cytochrome c omitted 

1 10 

1 51 

1 

4 4 4 4 

Mg'^ omitted 

1 35 1 

0 200 


4 4 4 < 

(anaerobic) 

2 42 


6 

4 4 4 4 

-f 0 013 -i XaF 

37 0 


, 7 

‘ 

+ 0 009 “ arsenitc 

1 CS 



ecuic 


S Zero time 

9 Complete system 

10 


0 017 

1 05 
^5 3 


0 01 11 lualatc 
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piuity- was iiu abated aeioba.iHi witli a puiluulntc ir.ietion of mb liver 
which cattily /.(‘s all the icactums ol the Ivu bs ( m It tind tatty ticid OMd^i- 
tion ’’ l'h(‘ medium (ontaimd inoigmiK 1* 1 djeled uith P'-, Mg*"'', ojto- 
cluome c, and \.TP The leaetum w.is stopiied with tiiehluiu.ieetii and 
and the acid-solublo esteidied I* ti.utiun tlun &e[)aiated toi fleti imination 
ot ladioactivity Vs a eontiol, oxidized J)P2s ol 3b pel i eiit puiit> wa-. 
substituted toi DPNTfj 'The table ^hows tlu K'.ult-, ot this experiment 
and the ettecta ol the omi-iaion ot ( omiioiieiit-i, in leiobiosia, and the 
piebcuce ol mhibituis 

It can be seen that a laige meoipoi.itioa ot moigiiiie P into the estcnficd 
liaction oeeniied dining oxidation ol J)P.\II. lompaiable to that loimd 
when a Kiebs tyele inti imediaft , f-ni'date, i\a'> oxidi/ed b> the sistciii 
I lowei Cl, when 1)PX was substituted loi I)P\ i 1,, no sif^eitii ant esteiiiie i 
lion took place The pieseme ol VIP, Mg' , and ijtoehiome c was 
lequncd toi the phosphoijdation uhieh did not ok in anai robicall} 
Fluoiide meieased the amount ol P‘- ineoiiiuiatKl, wheieis ar'cnitc 
complotcly abolishetl the eheet 

Compaiable expciiments with the J^I’X-linkid oxidation ot /-,i-h>diox7- 
butyiate to aeetoaeetato m which oxygen uptakes weie me isuii d aeeuratelj 
couoboiatcd the abo\e tindmgs and disi losed that the ibilit} to edtoiify 
phosphate is lost aftei aging the enzyme it 2“ loi 2 days without nnpunng 
the oxidation 

Deparlmcnla of liiocitciinblnj and Surgety Moituid FitiiDMX* 

Umveisily of Chicago \i ni iit L LfiimnQIB 

Chicago 
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^ Ohlmeycr, P , Btochtm Z , 297, G6 (193b) 
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A NEW BLOOD CLOTTING INHIBITOR 


Sirs 

On attempting to punfj thromhoplaatm, \anoua m%cst)gators^ ha%e 
obtamed materials which possess decreased thromboplastic ictuitj In 
our work we ha\ e confirmed these obsciwations - The question arises as to 
what causes this decrease m thromboplastie aetu it 3 Is it that a com- 
ponent mheient to the thromboplastin molecule has been denatured, 
maetivated, or removed, thus inactuating the molecule' Or h it due to 
the presence of an inhibitor, the concentration of which h is been mere I'C-el 
by the attempted purification procedure, thus causing a deert ist in the 
obsened thromboplastin actuitj’’' It is our belief that the reduction iii 
thromboplastie actmtj is due to an increase in eoueeutiation of the 
thromboplastin inhibitor Chemical isolation and idcutifieaiion oi 'ueh a 
substance might mdireetlj point to the chemical structure of thronibo- 
plastin, smee it is a known fact that most biologicalh letne eonipouiuls 
ha\e a struetuie similar to their mlubitors 

We hate investigated the possibility of isolating v thromboplastin 
inhibitor Bj chemical fractionation, a material posH-'ing inhibitoiy 
properties was obtained from the phosphatide fraction of dried lieef brain 
and rabbit lung thromboplastms, and also from soy bean pliospliatides iiid 
human plasma’ In our prehminary work our most actue inhibitory 
fiaction had ehemied piopertics similai to inositol phosphatidcs isolate-d 
fiom biain and soy beans On ehemical analysis, the following data were 
obt lined brain inositol phosph Hide, C 53 3, P 4 3, N 1 0, ash 17 1, soy 
bean inositol phosphatide, C 54 1, P 2 9, N 11, ash 13 2 llie an ilytical 
data eompaie favoi ibly with the analysis gi\en by I’oleh’ on br iin inositol 
phospliatide, and by Woolley ’ on soy bean mositol phospli itidi Tot cniy 
the identity of oui thromboplastin inhibitor preparation, we then isol ited 
brain and soy beau mositol phosphatidcs Ity the methods ol 1 olelP iiid 
Woolley •* lilt material isolateil in this m inner had the s^nie properties 
as oui thrombophstin mhibitory fra» tion, indie itiiig that it is identical 
with the inositol phosphitide friction ■'amph s oi mo-itol phosphituie 

* Charbsff, L , lu Nord, I t , aud Wcrlauau, C 11 , \d slices in cii.jaiulo^i 
and related subjects. New \ork, 5, 31 (ItMoJ Quick, \ J , TLc Ltiaurrbj,ac dis 
eases, Chicabo tlOldi Studer, k \ olume jubtlairc cn rhonin ur dc M L-ailc 
Chnstopho \ aroll. Bale (194t>' 

* Oiorman, R is , and Wright, 1 S , unpublished data 

’Oecrniaii U S , Conference on blood dotting and allied p'ob’c ^ , Jo lah Mj.ci 
Jr, loundation, Xe« \ork, teb lo-17 (lO^si 

‘I'oIch,J ,J Biol C/.ci/i ,ls6.3o (191JJ 

* Woolley, D W ,J Biol Cl-r"i , 1:.7. 3sl (I'JUj 
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lihl'I’l KS Id nil 1 /Mior-' 


7()U 

iboLitcd fiom huim and tito Ix.in^ wdu mm-nnisl^ ■'ni)pliai bj J^i l[ E 
Cailci of. the linut'i'-il.y of Illinois 'I'ln'-i -.un))l( •' also jio— (1 inhib 
itoiy .iclivilj MnulMi to that ol oui tluoml) 0 ])la'>tin inhibitoi^ picpaiatioii 
Vl pic'scnlM\(' lie uoikinj^ on tin di'li innnstion ol ihc i lu inn si sfiiittiiro 
ol this inhiliiloi and it-^ l)iolo[!:ical adion on ininuK 

When labbil lung (hionilio{)l.i'’tin is ii'id, 0 1 ni^ ol oni most actno 
piopaiation piolonf^s the piothioinbin time ((tiiii L nn thod) fiorn 1') to 100 
seconds on noun d luiinun phism i 1 me, ot llu inhibitor piol(m''s the 
IDiolhioinlnn time fiom Id to 2tlt) eond- tin ii'i (»1 wlioU blood mil 

the delciniinalion ol the eo ij^nl it ion linn 1>\ tin lii-WhiU nntliod,20 
mg of oiii piepai'ition piolong the elotling linn horn (» to 10 miniitea 
5 0 mg ol the mhibitoi piolong fin co igiil'ii nm t imi trorn b minutes to o\t‘r 
72 houia 

Accoiding to C'uilei/’ liposilol (inositol phosph u uh sj mliibits the anti- 
biotic aeluitN ol stieptoniMin 1 ogu ilh tliis would ■-t i m to indicate that 
stieptomycm might hu\e a stiinluu simil ii to ihit eomponent ot thiom 
boplastm wliith Is iiiliilntcd b\ lipositol Uohui loiind th it sireptoinjcin 
hjgliochloiide (.Meitk) ind stuptoiuMin suit ite (Ihi I ilh and t’oinpiiiv) 
liave an elleet simihu to inositol phosplnitide in thit t!n\ pioloiig the 
piotluombin time ind coigiildion time ol bluotl h’lntlni uoik is in 
piogicss to aseeilain the nushuiisiu ol this -ution 

DcpciTlnitnl of "^hdiauL Ruiiib U\i-iiM.vN 

Cornell Uniicibily Medunl CoUkjl Iiiviso b WniraiT 

jVcic York Cili/ 

Received loi publicitioii, Vpiil lo, lyiS 
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INHIBITION OF THE PHOSPHORYLATION OF GLUCOSE BY 
IvIENINGOCOCCAL ENDOTOXIN* 


Sirs 

lu the course of investigations dealing with the mode of action of bactenal 
endotovins, it was found that menmgococcal endotoxin, prepared m Dr 
C P ^Miller’s laboiatory accordmg to a method described elsewhere,^ 
inhibited the in vilro utihzation of glucose bj' rat muscle extracts This 
inhibition did not occur if Zn-free insulin- was added to the reaction 
mixture The preparation of the rat muscle extracts and the determma- 


Inhibitwn of Glucose Utilization by Z Mg of Meningococcal Endotoxin 


I 

Senes No 

Normal 

Plus 2 mg * men 
^mgococcol endotoxin 

2 mg * mezungococ 
ciX endotoxin 
+ IW) y insaba 

Average per cent 
infaibtuoa 

1 

535 

350 


2S 


480 

380 

1 



517 

375 



2 

610 

400 


36 


580 

392 




596 

360 



3 

480 

310 


35 


500 i 

340 : 




470 

295 



4 

590 

' 480 

560 

Without inaulin 

1 

1 610 

360 1 

1 640 





650 

j hn 0 , 




1 540 



* In terms of solid content 

tion of glucose utilization vere carried out under the experimental condi- 
tions described by Colowick, Con, and Slem ’ The muscle extracts ere 
kept m an ice box for 2 hours pre\ lous to the experiment m order to obtain 
maximal enzjune acti\ ity The results expressed as microgranis of glucose 
utilized per reaction mixture are summanzed in the table 

Smee under these circumstances the glucosc utilization can be considered 
a measure of hexokinase activity, it was concluded that meningococcal 

• This mvcstifeation was supported jointlj bj the Lnited States j Ortce of 
Xaval Research and the Univcrsit> of CtucaRO 

‘ Kun, E , Proc See Exp Biol and Med . 63. 107 (iai7) 

• The amorphous preparation of Zn free insulin was Lindij supplied b> Dr C* lu 
of Edi Lilly and Companj 

* Colowick, 3 P , Con, G f , and Sletn, M , 7 Biol CKc~i , 163, 3x3 (1^7; 
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andotoMii inhibitb this enzyme Furtliei stiuhtd with purified he\okinase 
aie in piogrcsb 

These cxpciiments stiongly suggest that the dioturb'uu os of the cirbo 
hydiate mctabolibin in meningoeoccal tovcmic labbits' nrul in meningococ- 
cic meningitis in humans roporl(>d by Fo\, Ku/ma, and Washnian^ can be 
explained by a diicct efiect ot mcningococtal endotoxin on on/yinatic 
leacfcions in (he host 

Dcparlmcnlb of Pharinucologij and McJtciitc Lii Ivus 

UnivcnUt/ of Chicago 
Chicago 

Receivod for publication, April 10, 10 IS 


‘ Kun, E , and Jilillcr, C P , Proc 8oc Cxp Hiul and Med , in prc3$ 

‘ Fox, M J , Kuzina, F J , and Wusliiuaii, W T, irch Iiil l/ed , 79, Ol 1 (1917) 



\NTIPERNICIOUS ANEMLA. EXTILA.CTS AND TYROSINE 
:^IETABOLISM IN THE SCORBUTIC GUINEA PIG 


Sirs ' 

Swendseid, Burton, and BetheP have showTi that the pemicioua anemia 
patient m relapse excretes large quantities of keto acid and hydrox-j'phenj 1 
compounds (calculated as tyrosme) With the administration of ap- 
propnate livei extracts the level of excretion of these metabolites returned 
to the normal value simultaneously with the characteristic improvement 
m the blood picture Smee the scorbutic but not the normal guinea pig 


Liver eitraet injected 

aad excretioQ before ii:d alter injecUoa 

2t hrj before 

24hr3 liter 

Per cent deer cue per unit 

units 

mi 

«r 


15 

202 

159 

1 42 

20 

237 

172 

1 37 

20 

195 

135 

1 54 

20 

215 

ISO 

0 67 

Average 

1 25 ± 0 29 

7 5 

244 

199 

2 46 

7 5 

314 

265 

2 03 

15 

, 253 

203 

1 19 

22 5 

’ 325 

150 

2 31 

Average 

2 01 db 0 41 


exhibits the excretion of tyrosine metabolites when extra tyrosinc la fed,* 
it 13 of interest to determine the effect of similar liver extracts In pre- 
Imunaiy ex-periments* m 1913 very striking positive rcoults were obtained 
More recently, additional detailed expernnents have been penormed 
Scorbutic gumea pigo rcceiv ing 200 mg of extra tjTOsme per 100 gm of 
body weight per day showed keto acid excretion v aluc;^, as illustrated m the 
accompanymg table Vs also maj be seen, the subcutaneous injection of 
antipemicious aneima preparations caused a marked re-duction m the 
amount of keto acid excretion Total phenolic (tjros^l) valuu. paralleled 
the keto acid values With a givi.n preparation the effect observed may 

‘ S\vendaeid,M E , Burton, 1 F ,aadBcthel,r 11 ,Prae Soc Szp Bic,l a-d 'JeJ , 
52,202 (1913) 

’ BasinsLi, D II , and Scalock, It R,J Btcl t , 1£5, 7 (1916) 

’ Scalock and Baainaki, unpublished. 
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be loughly coireliitccl witlx the number of units injected Other liver 
e\tiacta yielded .siiuilur leaults, idthough eoriehitiun between evtiiicta on 
the basib of umtago was lelatively pooi .Since the unit igc of such jaepara- 
tions may be unceitaiii, w'e have continued an inve-iligatioii of the pro- 
ceduie as an expeiimental and (luaiitilatue a-.ia> method foi either the 
autipeuucious anemia faetoi oi olhei factois pi(-.ent and iC'.ponsible for 
the obseiv^cd elTect Undei any cucum-.tanci s, the t'xtiacts pioduce an 
effect on tyiosme metabolnm similai m gioss asiiects to the elTcct of 
ascoibic acid and the moie recently announced eflcct of ptero}lglutaraic 
acid’* Ilowcv'ei, they do not, as we have aKo ob^eivcd, tncita'C the 
i/i. laho oxidation of tyiotiine b> livu tiisue, as do a-.! orbu acid'* and ptcrojl- 
gluLamic acid ® 

Dcpailmcni of Chomialn/ Uoiu.ar IIiducly ricvLocK 

Iona Siato Collcgo Jcvn Pviicc Letow 

/t?nc3 

Recoivod for publication, ^pnl IG, 19 IS 


* Woodruff, C W,audDarby, W J ,7 Uwl CVit/n , 172, Sol (IfflSl 
*Lan,T H , audScoIock, R R,7 Ihol C’/itin , 155, ISJ(lOn) 
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PYEIMIDIXE DERIVATR'ES -\S ANTAGONISTS OF 
PTEROYLGLUTAMIC ACID 


Strs 

Pteroylglutamic acid (PGA) has been assigned the role of the prosthetic 
group of an enzyme concerned -ftith the synthesis of thjTnine' or thj-mme 
and punne* or their equivalents In studies of a large number of pjTimidine 
denvatives, ne hav e found an inhibition of the grow th of Lactobacillus cacei 
with PGA in the absence of punne to be a property of nearlj all 2,4- 
diammopynmidines and their condensed sj'stems, most 2-ammopj nmidme 
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dematives, and seieral 2-amino-4-h% droyj'pjTiraidine s\ sterns, incJiidmg 
pteridmes These compounds demonstrablj become iniohed in scitral 
enzjTne systems, as can be shown bj studies of (1) the re\trsibilit\ ol the 
inhibition by PG (2) the re\ ersibihtj bj purines, and {3j the tuects on 
growth with thjmme These studies appear to segregate scicrd inde- 
pendently \anable properties which \ary in prominence ironi compound 
to compound but are possessed in some degree b\ ill Tor evampV, the 
inhibitions of both 2, l-diamino-0,7 diraethjlptendine ■’nd 2,G-d»ammo- 
purine can be shown to be rcicrscd compctitueh b\ PG V or bj punnes 
imdcr chosen conditions, but the\ differ m the pre/port lorato irnomiis ci 
the two metabolites require-d to rt^er-e a giien mhibu’on u d tl e rii gc i f 

» Stokes, J L.J Bad , 43, Ml (ItW 1) 

’Lampen, J 0 , andJones, M J,J B lI C'f~ , 170, I.J lOiTj 
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concentiations ovci which the leveiMila can ho demonstrated The action 
of the pteiidine is ie\cisible iiy VG \ ovci a \\ide range of concentrations 
and by puiincs ovei a iclativcly iciLiictcd lange, but with 2 , 0-diaraino- 
piuine the levcisal by punnet coveis a much gre itci range of concentrations 
of antiraetabolite than that by PCl-V (see the table) The 2-aramo-4- 
hydioxypteiidme dci natives, 2-ammopuime, and tlie 2-aminO' and 2,4- 
diammo-6,7-dihydio\yptoiidincs bimiliily produce mliibitions which are 
icadily levemcd by puiincs Howe\ei, these compounds cannot be con- 
sideied simply as anlipiuinos, foi they mtiMtcie minimally or not at all with 
the utiluation of exogenous puime when the miciooiganismsare giown with 
thymine latlici than w'lth I’Cl V On the othci h md, the diarninodimethyl- 
pteiidme, which has been icgaidcd piimarily as a I’GA antagonist,’ has a 
consideiable mhibitoiy cltect on L msti when the oiginisin is giown with 
thymine and adenine In tlusicspcct and m theievcisalsof the antagonism 
of PGA, 2, 1-diamuio- j-methyl- and Ojb dimethylpy iimidincs are inter- 
mediate m bcluuioi between the diammodimethylptendme and the 
diaramopuimc 

The diammopuime can be shown to be mvoKcd m at least two systems 
concerned with puiinc, foi its eiiecls are icseisible equally well by adenme 
01 guanine at low' concentiations, but by adenine and not by guanine at 
higher concentiations In mcw' of the multiplicity of eficcts winch these 
studios levcal, we feel that a ceitam amount ot icatramt m interpretation is 
called foi To icgaid any' of thcae compounds as exhibiting a simple 
mctabolite-aiitimetabolite lelationship foi a single eiuyrae system is a 
simplification which becomes acceptable only' when other ctiecta ha\e been 
ailed out 

Wellcome Research Laboratories Gconas H Hitcuixgs 
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OBSERVATION ON THE UTILIZATION OF GLYCINE IN THE 
BIOSYNTHESIS OF HEilOGLOBIN* 


Sira 

In the course of expenments on porphyrin biosynthesis and degradation 
we have attempted to prepare tagged hemoglobm protoporphjTin wth 
carboxyl-labeled glycme It has been demonstrated that glj cine sen cs as 
a mtrogenous precursor of protoporphynn ^ Recently it has been reported 
that the a-carbon of glycme is also utilized in protoporphj-nn sjmtheiis - 

One 10 kilo dog, made anemic by bleedmg, receii ed bj stomach tube m 
three portions over a penod of 3 da >3 100 mg of glj cme’ labeled mth C^‘ in 
the carboxyl group (total activity 5 X 10" counts per nunute) Samples of 
blood were obtamed on the 11th, 14th, 20th, 37th, and 52nd dajs foUoumg 
administration Crj'stalhne protoporphynn methjl ester* and globin* 


Time 

Prolopor^Tna ■ 

ester acuvit/ 

j Gl^i j icuri • 

i'lJS 

C #er ox 

1 c fja icT m 

n 

<0 1 


14 

<0 1 


20 


1 21 3 = 0 5 

37 

<0 1 1 

22 S i 1 5 

52 

<0 1 ' 

21 3 = 1 0 


* The deviations shown are estimated from average de nations of duplicate 
samples 

were obtained and the radioactn itv measured with a thm walled Geiger- 
]Muller counter® The results are giien m the accompanying table Ao 
radioactmty was obseiwed in the protoporphynn The globm showed an 
actnity which has reraamed constant throughout the penod of obsenation 
(up to 52 days) 

One rat of 100 gm weight, kept on a protem-free diet, recened b,. 
stomach tube m four portions dunng a penod of 3 days 200 7 of the ame 
labeled glycme (total actmty of 2 1 X 10* counts per minute) 20 da>,= 

* Supported by grants from Mr John Mo;bj and Mr John G-cenberg 

* Shemm, D , and Rittenberg D ,J Biol Cf-e^i 159, Jo7(lM5) 

’ Vltman, K I.Casarett, G .Masters R E Noonan T P an J S Jemon. K , 
Federation Proc , 7, 2 (19tS) 

* Wo are indebted to Dr R B Loftfield, Mas-achusetU Ins'ilu'e of Tt.cLno’ogy 
for the ajntheais of the labeled glycine 

* Gnnstcin, M . / B ol Chc-i , 167. 315 (1917) 

‘ \naon,M L.andMiraky, V E . J Gt- P jiiJ 13 ->.9 {ICCP 

* Kamcn, M D , Radioactive tracers in biologj, Nev bo*», 173 GCl"' 
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latei the animal was bled to death, eiy-^tallirie piotopoipiiyrin methyl ester 
was picpaied fiom the colleeted blood, and its uclnity was measured 
Again no ladioaetivity was obseived The remaining total protein of the 
cells had an acti\ ity of 1 o ifc 0 2 counts pei minute 
These lesults show that tho caiboxyt carbon ot glycine is not utilized m 
the piotopoiphyiin biosynthesis, but is incoiporated into the globin 
molecule^ Fuithei studies aie in piogiess 

Dcparlmcnt of Inttnud MliIiciiil and the Mallmckrodt Moists Guinsteiv 

ImUtuto of Radiology M^utis D Kuiev 

Wasinnglon UniLtr^ily School of Midictiio CvuoV Moore 

Si Louis 

Received for publication, M ly 3, 19 IS 


’ The Inek of iitilu itioii of glicinc c irbo\jl in the loriivition ot protoporphinnbaa 
been observed independentl> b> IS R idin, D Rittenbcry, and D Sheiiiin, pruate 
cominumc'ition 




THE EFFECT OF SULFOX.-UIIDE IX THE DIET OF 
PREGXAXT RATS OX ER-iTHROPOIESIS 
IX THE FETUSES* 


Sirs 

We have been attempting to produce an anemia m fetal rats bj ^ anous 
techniques The mclusion of sulfonamides m the diet of adult rats is 
known to produce an anemia which maj be relie\ ed by the administration 
of hver concentrates or folic acid * An expenment attempting to produce 
an anemia m fetal rats by feedmg the pregnant animals a diet contaimng 
succmylsulfathiazole gave anomalous results 
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• The figures in parentheses represent the range of the mean ■values of the litters 


Two groups of female rats were kept on a basal semthctic diet containing 
1 per cent succmylsulfathiazole, the crjstalhne B t iiamins, and \ itamms 
D, E, and K, the diet of the control group was suppiemented with 2 mg oi 
folic acid* per 100 gm of food Vf ter 10 dajs, the rats were mate-d Di- 
rectlj after birth, blood samples were obtamed irom the ntvv-born and tin, 
maternal rats by heart puncture The hemoglobin analj^es and the 
erythrocyte counts are shown m the table 

Although the expected anemia appeared m the matenial r us depru ed of 
folic acid, surprismgly the fetal blood contamed a higher eonecntration of 
heraoglobm than was found m the blood of the control fetal rite: I 

* This work was supported bj a grant from the Foundation for \ i_ion for the:' ud^ 
of Rctrolental Fibroplasia 

* Spicer, S S , Daft, F S Sobrell il , and \,shburn L I , PJj HeP'r 1 cp , 
V S P II S , 67, 1559 (1»!2) FranJ lin \ I Stolstad h L P , BeP, M , 
Jukes, T H J Biol Cfcm,lB9 -J27 (19J7) 

’ The folic acid used was about so I'cr cen* puro fFoI itv po idvr, \o T 7 *>1 I, 

was acncroualj supplied bi Dr M C I oc»,i»ari of t! i. Lcde \ vs 
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statistical analysis of the data showed that the difTcrcncc between the 
mean values foi hcmoglohin is significant, while that for the erythrocjte 
counts IS of doubtful significance ^ There apiieai to be no significant 
difteiences betw'ccn the values for the control fetal blood and tho&e for the 
blood of fetuses fiom motlieis kept on a noinial stock diet 

It appeals possible that the higher concentration of hemoglobin in the 
fetuses fiom the folic acid-deficient maternal lals mu> be due to a greater 
availability of hemoglobin piccuisois, o ij , non The maternal rat, being 
unable to utili/e the hemoglobin piecuisors normally bccaiiso of the relative 
depiivation of folic acid, may make the piecuisois moie readily available 
for the fetuses 

Harvard tVcdtcal School and (he B tVrr.ruiiaO'. 

Massacliusclla Eye and Muuti c Vi’pcc 

Ear Infirmary 
Boston 
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’ When litters uoro taken as the statisticil unit, the significanco between the mean 
values for the hemoglobin was found to bo R < 0 01, for the cry throcy to counts P = 
0 07 ("Student” t test) Wlicn single ictuses wore used as the statistical units, the 
differences were all found to bo highly significant 


INHIBITION OF XANTHINE OXIDASE AND RELATED 
ENZYMES BY 6-PTERIDYL ALDEHYDE* 


Sirs 

We have recently reported^ the inhibition of \anthoptenn oxidase and 
xanthine oxidase by synthetic pteroylglutamic acid (PGA) Hoi\e\er, 
since an exceptionally pure sample^ of PGA, ■nhich was later examined, 
possessed less than one-SLxth of the inhibitor pow er prexnouslj’" obseix ed, it 
appears possible that the effect is due to traces of a contaminant The 
observation by Lowry and Bessey^ that 2-aiiiino-lr-hydrox> -G-ptendj 1 
aldehyde, a primary photofission product of PGA, strongly inhi bits 
pteridine oxidase suggests that this aldehj'de may be the acti\ e inhibitor in 
the above enzyme systems We have now found that the 6 -ptend>l 
aldehyde, prepared by hj^drolysis of PGA m suh'urous acid,^ is on a molar 
basis 200 to 400 times more active as an inhibitor of xanthme oxidase 
(te 0 005 to 0 02 7 per ml ) than the folic acid preparations pre\ lously 
studied * 

A number of other oxidases related to xanthme oxidase are also strongly 
inhibited by 6 -ptendyl aldehyde It was mentioned that LowTy found 
that the enzymic oxidation of 2-ammo-4-hydroxj’pteridine to iso- 
xanthoptenn is inhibited by minute amounts of the pteridjl aldehjde 
Xanthopterm oxidase from milk and liver is likewise mhibitc-d by small 
amounts of ptendyl aldehyde This substance exerts also a strong effect 
on quimne oxidase from rabbit hver ® A concentration of 0 4 7 of pterid} 1 
aldehyde per ml reduces the q uinin e oxidase activity to about 30 per cent 
of that of the uninhibited sample This observ ation may hav e pharmaco- 
logical mterest masmuch as human hver is reported to con tarn qumme 
oxidase 

Uncase and tnose phosphate oxidase were not inhibited b^ the addition 
of ptendyl aldehyde 

The potency of 6-ptendyl aldehyde as an mhibitor is lost bj addition ol 
2,4-dimtrophenylhydrazme which reacts with the tree aldthjde group 

* This work has been supported b> grants from the Donner Foundation the 
Lcderle Laboratories Division, Vmorican Cjanamid Company, the Roci-Lfelltr 
Foundation, the Carlsberg Foundation, and the Ella Sachs Plot; houndation 

' Ivalckar, II M and KIeno« , H , 7 Biol C/ieni , 172, 3^9 (ICiiS) 

’ Iundl> furnished by Dr T H Jukes, Lederle Laboratories Di i_ioa, Vmenc^n 
Cjanamid Company 

•Lottrj,0 11 , and Bcojoy, 0 V , private communication 

‘ Hutchings, B L,Stokstad,E L R,Moivat,J II Bouthe.J II, Waller C II, 
Angler R B , fcemb, J , and SubbaRow 'i , In/i \ejiorI Ic — ! ::c , i3, J7J xl'Jtjj 

‘ Knox, W D, J Biol Cnem , 163. 099 (lOio) 
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The inhibitoiy eflcol of viinous I’uhite fi letioiH is also extinguished by 
addition of diphcnylliydnuino, indicating that the inliibitory component of 
thcbo picpaiatioiis might be caiHcd by tiace-i of ()-[)teridyl aldehyde or re- 
lated compounds Metahe /me, which pu'iiim.ibly i educes the ptendyl 
aldehyde, dcstioys the mhibitoiy potency Iiraduition of G-pteridyl 
aldehyde, which is lepoitcd to yield pteridy h aibo^ylie acid,* hkewboled to 
a disappcaiancc ot the iiihibitoiy iction 
Milk and lat hvei contain an eii/yme which coiucrta [itoridyl aldehyde 
into a non-inhibitoiy bubatance which cxliibits a somewliit highci fluores- 
cence than the oiiginal pioduet The natuie ot this coiuciaiou products 
undei mvcatigalion We aie inclined to belicce tliat the pievioibly re 
poited en/ymic tiaiiafoimatioii ot ptcToy Iglutamie acid'* which manileata 
itaclf by a more oi Icaa compiete hba m inhibiLoiy potency towarda \m 
thopteiin oxidase nuiat be aacnbcd to an en/ymic traiiatormation ot the 
tiaces ot t)-pteiidyl aldehyde pieauinably parent in tlic tohe acid prepara 
tiona used 

The action of G-pteiidyd aldehyde on the oxidative' bied^down of purines 
WMuanta fuithei m\ eatig itioiia la to the poaaible eltecta ot this highly 
active inhibitoi on puime mctaboliaiu in vno 

InsliliUc Jor Medical PhutiioloQU Ihaiiv\M ICclckvh 

Enzyme Research Division iN'u cs Oen Kjcloocuid 

UnivcrsUy of Copenhagen II vsa Ki-hxow 

Copenhagen, Denmark 
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THE EEFECT OF DINITROPHEXOL OX THE INCORPORATIOX 
OF ALANINE LABELED WITH RADIOACTIVE CARBON 
INTO THE PROTEINS OF SLICES OF NORMAL AND 
MALIGNANT RAT UYER* 


Sirs 

Early experiments of Clowes and Krahl^ mdicated that duntrophenol 
permits oxygen consumption and yet mterferes inth ceU division of the sea 
urchm egg Later studies of Hotchkiss- pointed to an mterference of di- 
mtrophenol with phosphate uptake m respirmg jeast The recent work 
of Loomis and Lipmann* has identified the property of dimtrophenol to un- 
couple the mterlocked processes of respiration and phosphorylation 
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Temperature 37“, pH 7 40, 100 per cent o\jgcn m the gas phsLse, incubation time 
31 hours 0\jgen consumption is expressed as microhters oi oxygon consumed per 
30 minutes per 0 1 mit BaCOi The BaCOj is obtained by ninhy drin decarboxy 1 ition‘ 
of the amino acids present in hydrolysates of the slice proteins The counts pir 
minute (c p m ) are liken iso expressed perO 1 mu BaCOj, at 0 1 mu thicknc-s of the 
BaCOj precipitate used for solid counting Figures arc giien for duplicate \<.__els 
Hepatomas were induced b\ feeding a diet containing p dimethylaminoazobe irene 

Dimtrophenol has thus been shown to mterfere vuth the formation of cn- 
ergy-rich phosphate bonds m a respirmg system 
Previous studies^ hate demonstrated that C”-carboxy 1-Iabdcd ilaniue 

• Xided by grants from the Xmerican Cancer Society (rccorimended bj the Co a 
mittce on Gronth of the National Rcjoarch Council), Contracts \3ori 7d i id 
Noon 7S, United States N ax y Department, and the Godfrey M H au-srun' Ti i-. 
13 Reprint No 245 of the Cancer Commi_;iion oi liar a'd Unixcr^Ux 
‘Clowes, G II V , and Ixrahl M E,J Gen P) 20, Ki (I'Jdui 

Hotchkiss, R D , in Nord, r !■ , and W erknmn C II , Vd, ,i ces in e : ' 

and related subjects. New \ ork, 4, 153 (10541 












LETOLHS TO TilE IDIFOItd 


77^1 


IS mcoipoiaicd into the piotoins of suivivini' lut liver slices during incu- 
bation of the slices in Waibuig vet-seh in a Kreb:>-llinger-i)liospliate me- 
dium to which IS added tagged DE-ahuiine Little or no incorporation 
occiiis if the incubation is tamed out in an atinosiihero of nitrogen 
In the picsent woik, it has been found that atldition ot dmitrophenol 
(DNP) to the above system inhibits tlie nitoipoiation ot alanine into pro- 
tein in both noimal and tumoi tissue, uiiile permitting 0 \> gen consumption 
to continue The suggestion emerges that sj,nthcvsH ot alanine peptide 
bonds depends on a sum to ot cneigj-uch iihosjiiiate donois 

In highei conccutiations (1 X 10“^ and o X 10~* \i) the DNP had an in- 
hibitory elTcct on icspnation m the hepatoma slices, but little or none in 
the noimal luei slices 

A highei late of mcoipoi ition of alanine into hepatoma protein than into 
noimal luci piotcin was found, under coiulitions ot tlie slice evpennients 
This lattei finding will be discussed at gi eater length in a tuture communi- 
cation 
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THE ESTBLmON OF FATTY ACIDS OF r\*TER:NEEDL\TE CHATS' 
LENGTH BY PARTITION CHROiLlTOGR-APHY* 

BtSIERLDIH PETERSON jund SURVIX J JOHNSON 

(From the Deparlment of Biochemistry, Colle{je of Agriculture, Unicersity oj H isconsin, 

Madison) 

(Received for pubbcation, January 23, 194S) 

In 19-12 Smith (1) demonstrated that the sihca gel partition chromato- 
gram, first developed by ilartm and Sjmge (2), nould separate a nuxture 
of formic, acetic, propiomc, ;i-butync, and n-valenc acids m chloroform-1 
per cent butanol mto its component acids In 1915 Ramsej' and Patterson 
(3) confirmed this ivork and presented a partition chromatographic method 
for the quahtative separation and identification of formic, acetic, propiomc, 
and butync acids In 1916 Elsden (1) presented a method based on the 
work of Smith by which acetic, propiomc, and n-butync acids in biological 
materials can be quantitatively separated and estimated 

Elsden’s method is hmited in that the butanol-chloroform-\s ater sjatem 
he employs iiill not separate fatty acids ha\Tng 5 or more carbon atoms 
In an investigation of the role of fatty acids m Cheddar cheese flav or, the 
present authors found it necessarj' to develop a rapid method lor the quan- 
titative estimation of formic, acetic, propiomc, n-butjTic, caproic, capry he, 
and capnc acids By use of the system benzene-aqueous suhunc acid m 
partition chromatograms such a method was densed and is prcscntc-d here 

Preparation of Parltlion Chromatograms 

The partition chromatograms used consisted of glass tube-o packed uitli 
an inert filler (Cehte 545, a coarse diatomaceous filter aid made by Johm- 
^lanviUe) moistened i\ath the non-mobile pliase, m luch i\ a^ w aitr or aciue- 
ous sulfuric acid Various orgamc soh ents w ere used as the mobile pha:;e 
(developmg soh ent) 

Dacloping Solients — The deielopmg soh ents used i\cre thiophcnc-irc-e 
benzene, a mixture ol Skelhaohe B and thiophene-frc-e benzene contammg 
2 per cent (by \olume) ot Skellysohe B, and two mixtures of butanol md 
chloroform contaimng 10 and 25 per cent (by i olume) oi butanol f 1 eat. 
sohents will be called CB-10 and CB-25, rc=pceti\eh liuophene-irex 
benzene was prepared by repeatedly shaking benzene with coreertn't-il 
sulfuric acid it room temperature until the ’C’d no longer -cijuirixi a ei 'or 

* Published with the appro al oi the Dirtcto' of the ttucuas a \-r cul a A 
Experiment Station This work was supported in part b\ as-aa' iroai'i . \_i' c-i’ 
ChcCie Institute 
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The beu/ciic A\as ilu'ii waslu'd witli uutn, (IiimI ovei pclkfi oi •lodiiim 
hydioxidc, and lilteied 

Pnoi to use on aiu einoneitof'iain all dtvtlopinj' ''Olventi were -•alii- 
lated with the non-niohih* jiha-'e ot that (hioinatoj'i un 

ChiomalofiKun Ttibt's I'uyie ( luom itojjjiain tiihes, dc■'^lJ'nat(d a-^ ni.iiiit 
i luoni‘ito{j;ri!U tulies, wei(‘ inadi* Itoia PMe\ tiihni'' Iiuvin^i; ui iim(1(* 

diametei ol IS inm 'riuse tube', ueie appio\iinatel\ It) ( m m length and 
wete const IK ted at one I'nd to an in-'ide di imi ti i ol o nnn Vpeiloritcd 
poK ehun dish beai ini' .i t inn p id ot ^1 is-, u ddI u i-. lod^i d on tlu i oust in tiun 
and this si'i \ I'll to siippoi I tin loluinn Vl the iioitoiu ot tin luhi on the 
constinted end, a jnei e ot 'Ih^on tubiii}' was tisid to alt uh .i short pieK' 
of () nun ^las-, lubinji; isad(h\ei\ lip \ s( k-u 1 1 uiip u i-. ii-i d to nijii- 
latc the (low ol tlu' de\ ('lopinj< s{il\(‘iit 

Small ( hioniato}!;! on tiiliis, ih simi'ittd is mn lo i hionutoi'i un tiihc-, 
A\eie made iiom Pm(*\ ^liis-s tnbinj; liaMiiLi: in iiisidi di'unetir ot It) mm 
Those tubes wi'ie ippioxiin itel\ it) t in inhnulh, uid di \ i lopni}4 sohtiit 
flow was ( ontiolled in the s line in mill i as that ot tlu inai lo i hioinato!'iam 
tubes In till' iniiio i hiom.ilo'41'im tube- the i ohiinn was snpjxnteil h\ 
means of a thin pad ol jj;lass wool lostmn on a 1 une t'l i-s In id Indued on 
the ( oust IK turn ol the tube 

Pathiiui o( Cliioi/uiloi/Kims llie ben/ene i(|Uion-' 'iiIluiK uid man) 
( hiomatotfianis wiie pii'pued as lollows To 10 ym ot Cilite *>15 weie 
added 21 ml ot the noii-mobih pli im* 1 liis nii\tuu w is thin 1 ipidh 
mixed mamoiiai with i pcstli until i homunuii ou-> powdei w.is obtaiiu'd 
At this point (le\ elopin}^ sohuit was iddid in sufln lent amount to Hood 
the mixtuie m tlii' moit 4 U lompleteli I nle-s otheiwi'C sjunlu'd, the de- 
A'eloping sohent used m p.u hin;j: and de\elopm;i ill ilnomito};i mis heie- 
aftci desiiibed was thiopheiie-lu'e beiueiu' ^itiii ited with the non-inobile 
phase pi CbOiit 111 the (inished t hiomatoi^i.im Whin stiumah lu'^iosiopii 
solutions ot sultuiK and ^iie used as the lum-mohile phase, mixing the 
Cehte 545 and the non-mobile phase in a moitai open to the itmoapheie 
lesults in (liange ot iioimalitA ot the snlluiK .u id pi 101 to its mtiodiutioii 
into the (hiomatogiam Oiue tlieiolumn path isu)\eied w it li de\ eloping 
solvent satui ited with a solution ol suUuik atul ha\mg the t oneentiation 
desued m the non-mobile pleise ol the imished t hiomatogiam, no tmthei 
change m siilfunt and noimahtA oeniis In oidei to obtain 11 cln^mato- 
giam leacly foi use with the desued iioimahtA , the lollowing pioceduic was 
used loutmeh’^ m the piepaiation ot both macio and mieio chiomatogiams 
having sultuiic acid solutions as then non-molnle pha&os To the Cehte 
545 m a moitai was added the leiiuued amount ot a sulfiuic and solution 
having a noimahty as much as one unit highei than the noimahty desiietl 
This mixtiue wms then mixed m the moitai foi exaith 2 minutes, m which 
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time d homogeneous poudei \sas ulua^s obtained Immetintel} aitci 
mixing, a small sample (2 to 3 gm ) of the powder was rapidl\ tran-ferred 
to a small tared, stoppered, weighing bottle, and the reraammg Cehte 5d5- 
sulfunc acid mexture was flooded with de% eloping sohent saturated with a 
sulfuric acid solution haxing the normalitj desired in the non-mobile phase 
of the column The weighing bottle was weighed and its 'ulfunc acid 
content determined b} titration bince the ratio of acid to Cclitc >15 is 
known, the weight of absorbed water tan be calculated It was lound h\ 
this procedure that 28 to 32 x sulfuric acid -olutioiis dropped from 0 3 to 
0 5 normality unit dunng the 2 mmute mixing period, 32 to 34 \ solutions 
dropped fiom 0 5 to 0 8 normahty unit, and 34 to 3b s solutions dropped 
from 0 8 to 1 2 normalitj imits Since this drop in normalitj \ incs not 
onlj with the time and inten-itc of mixing but d-o with the amount of 
moisture in the atmosphere, it was nect"ir\ to chesk final sulfunc acid 
normalities loutineh m both macio ind mn lo i hrom itogranis bj the pro- 
cedure dcscnlied aboxe “substKiuenth in altc rn it i\t procedure was lound 
In which the normalitj of the sulfuric acid as (he noii-mobilc phiso of the 
chromatogrim could be clucked Ihis ilternatuc pioccdure loii'istcd of 
testing the scpiratorj powci of bciizciie-'iilniiic u id c hromatogr incs on 
known mixturo of pure f.itti icicl' 

Macro chromatogiam tulies w( 1 C packed is loHoW' 1 he 'c icw cl iinji at 
the bottom of the tulte was < lo'cd, and a 'm ill \ohimc of de\ eloping -oh cut 
w Is poured caiefullj clown the 'ule of the tube 1 his lajcr ot licpud in the 
bottom of the chromatogram tube picientcd cli'turb incc of the gl i-s wool 
pwl bj the initial iddition of the packing s]urrj 1 hn shim, coii'istiiig 
ot Cehte 545, non-mobilc phase, and dec eloping -oh i nt, w is ulded in abmit 
ten ipproxim iteh eeju il poitioii' with mechinual puking iftc r c u h a 1 
clition Vttcr the initial ulduioii ind prior to nice li iiiic il puking, tin 
screw cl imp at tin bottom of the tube w C' opcncxl ind the dcicloning 
'oKciit flow w is regulated is desired throughout the puking opcrition 
Mechanical picking was u c omplishc'd b\ me im ot i gl ls- rod flittcncsl 
It one end until the di imetc r ot the H ittened p irt w is -hghtlj h-s' ih in the 
lUside ch imeter ot tin chromatejgriin tube Wink in u-c the picking r<?d 
w Is contiiniilh rot ited to iiniinl the lormition ol cirtu i! ihuuuls m 
the column pick ( in w n t ikc n to prcicnt p u kni„ tin i(hnnn -o 
tightlc tint the (low 1 lie (icsiHii during c ohnnn cic \ I lopnu nt could no, !i 
obtnnccl Mcchiinc il puking is ile'iribc'd u>o\t loniiniu-ci until i^t 
height ol the fniislu‘cl column w cs ixicih 15 mi ikon the -iippoMi., 
gl L's Wool p id, w ith the to[)'Urliii is hid c- f) 0 "iii’c 

1 he pupil ition end puking ot bciiz* m uincoii- stihuru i d ni c-u 
c Inom itogi nils w uh ntu il with ih it lor tin in c c I t, ii it, g'-nus k 
the toll owni_, cxii ptioii' Jiiproxini ite 1\ < .u (i^iitiit'u nuo i, '- 
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mg bluiiy Ubccl m puiking u macro chromatogram u.i-> rcqimul to pad a 
micio clnom.itogi.im 'I’lie Imal height ot column uho\(' the gluts woo! 
pad was exactly (> cm 

Dmmg the picking and uhon not m u-'C, the surtax s ot all micro and 
micio chiomatogiam (olimms neio kept coiend uitli developing bohent 
ft sulfmic and columns aie allowed to st md more tli in a wuk, tomesul- 
lonation of the ben/cnc may ociui, m< leasing the blank titrition ot the 
etfluont 


C/ii omalotjrapliiL Pi oudun 

Column IkLilopiiuiU- 'I'Ut' chiomatogiam was tliiimd ot developing 
solvent until the point was just icachcd at whiih no liquid was apparent 
above the top suifice of the tolumn The scu w 1 1 imp was tluu cIo;cd 
and a suitable sm ill volume of the simple to bi anilv/cd w is carcfull) 
pipetted onto the top ot tlu' column 'iho si icw i lamp was then partiallv 
opened .mil, stalling at this point and continuing throughout the ihvclop- 
ment of the column, small equal ahciuots ot the devi loping solvent were 
collected m calibiated tcst-tubcs In micio i hiom itogiam an.il^tcs 1 ml 
aliquots of developing solvent weic collected, m mauo ilirom itogi.uns the 
aliquots weie o ml m volume The rate ot dev doping solvent How lor 
both micio and nuuio cluoinatogianis was maintained thioiighout ilc- 
velopmeiit ot the columns .it I ml pei mmute b^ me iris of thesciew clamp 
.ytci the fatty acid sample to be anal^^cd had just comjiletel.v pisscd 
into the column, a 0 5 ml aliquot of dev'elopmg solv cut was careiullv ulded 
to the top ot the column to imse lemammg ti.iccs ot the s imple into the 
eoluinn .\itei the iinse hud just complete!} p I'-^ed into the coliinm, clc- 
v'^elopment of the chiomatogiam was c.iuied out m the noimil maimei 

Anahji,cs — Enectiv^ncss of sepaiatioa bv the i luomatogiani of the Lit t} 
acids m the sample an.ily/ed was deteimmcd bj titi ition ot the developing 
solvent aliquots lemov^ed at the bottom ot the chiomatogiam tube To 
each aliquot was added twice its volume ot neutial 95 pei cent ethanol 
These solutions weie then titiated to the phenol led end-point with 0 1 n 
. iqueous baiium hydi oxide tiom a buiettc cahlnated at 0 01 ml mtcivxils 

AVhen cluomatogiams, having sultuiic acid solutions as then non-niobile 
phases, weie used to sepaiate known mixtuics of fattj acids, it vvas found 
that lecov’-enes of mdnaduul fatty acids as measmed b} dnect titiation 
w^eie always high (105 to 160 pei cent) This was due to a cauy ovei of 
sulfuiic acid m the developing solvent in the piesencc of tatty acid It 
was found that the sulfmic acid piesent m the dev'elopmg soh'cnt fiom 
macro cluomatogiams could bo completely removed, wrthout change rn the 
fatty acid content, by passage of the developing solvent through a glass 
delivery tube 6 nun in diameter and 10 cm long, packed with 0 5 gm of 
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non-absorbent cotton A similar cotton filter for micro chromatograms as 
made by iismg a piece of 4 mm glass tubmg packed wth 0 2 gm of cotton 
The sulfuric acid absorption capacities of the 0 5 and 0 2 gm cotton filters 
are 0 6 and 0 2 milhequivalents respectively Smce the passage of 1 milh- 
eqmvalent of fatty acid through a benzene-sulfuric acid (2S to 36 n) 
chromatogram causes the carrj over of appro\imately 0 5 milhequiv alent 
of sulfunc acid m the developmg solvent, the total latty acid content of 
the samples analyzed m sulfunc acid macro and micro chromatograms 
vv as kept less than 0 8 and 0 3 milheqmv alents respectiv elv Ev en though 
it was possible with many fatty acid samples to make tw o or three anal^ sca 
with the same cotton filter, routmely a fresh cotton filter was used for 
each column developed 

Behavior of Falty Acids in Benzene-Aqueous Suljuric Acid System 

Benzene-Waler System — In an> partition chromatogram onlj compounds 
havmg chffermg partition coefficients between the two immiacible phases 
can be separated In the butanol-chloroform-water ajatem the pirtition 
coefficients of the straight cham fatty acids liavnng 4 carbon atoms or 
less differ sufficiently so that their quantitativ e separation and Catiniation 
are easily effected by the use of a silica gel partition chromatogram b} thia 
system (4) The same quantitative separation and estimation of «-butiTic, 
propiomc, acetic, and formic acids were found to be posaibic with a partition 
chromatogram prepared as pre\iousl> described, but with w iter as tiie 
non-mobile phase and benzene as the developing solvent Witli auch i 
chromatogram, it is obvious that formic, acetic, iiid propionic acid' c in be 
quantitatively separated and estimated m the presence of any number of 
saturated fattj' acids havnng 4 or more carbon atoms 

In Fig 1 the reaiilts of a tvpical separation of formic, acetic, propionic, 
and n-butjTic acids on a benzene-water-Cehte 5-15 micro chromatogram 
are presented The fattj icid -ample Uscd was a 1 ml t implc of CB-10 
contaimng 100 micromoles of each of the four f ittj icids Vsmivbc-ecn, 
ii-butjTic, propionic, and acetic icids passed through tiic cohiniii m that 
order in the first 90 ml of developing solvent and v.erc complctch scpi- 
rated Formic acid remained fixed on the column ind did not ippia’- 
dunng the passage of 200 ml oi developing solvent through the chrum ito- 
gram Recoveries of n-butvTic acid and propiomc icid vere goul, i-cing 
98 2 and 97 3 per cent respectively Acetic icid rexoverv cs h'gh (U5 5 
per cent) because of the wade dilute solute zone it lornicd during iis -lu 
passage of the column .Vs i result lormu uid recovery, c ih iiLtc-d h. 
difference, was low (89 0 per cent) 
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Fu. 1 be ]) II it Ktii (it It ilut \ ri( , |iri)|iii)iii( , mtu, uwl forinii ilhIh on i liciiitiic 
water Celito olo iiartitioii initro chroin itn^'r iiii litriUoii-i win in ok ot 1 nil 
vlmuols ot iIc\eloi)iii)j; HoUuit from flu li i-v« ol tin (.oluiim UicoMrinola liutjra, 
IJioiiioiiK, 111(1 'uetu i( uli W(‘r(' ‘Is 2, ')7 1 iml llo 1 pi r 1 1 at rinju etivi 1> rormic 
iieul remained (i\( d on t he column ind its ri (. 0 % i r\ l)> dilTe n lu c u h St) 0 per cent 



Fic. 2 yep iration of n.-but>rK, piopioiue, atotit, and loinut u. ids on iwater- 
ite 545 paitition micro chromatogram with three developing solvents Titrv- 
_ I weie made of 1 ml aliquots of developing solvent from tlie base of the column 
llecoveiiDs of n-butjiit, projnoim, uetu, uul foinm. icuK weie OS 0, h7 6, lOO*', 
and 102 5 pei cent lespectivch 
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proved and formic acid could be determined directly by titration Fig 2 
shotts the results obtained nhen the experiment described m Fig 1 uas 
repeated mth three developing sohents As ma} be seen, after all the 
n-butync and propiomc acids had been remot ed bv the passage of benzene 
through the column (30 to 40 ml ), CB-10 was substituted for the benzene 
and column development was continued Thi> de\ eloping sohent nar- 
rowed the acetic acid zone and rapidly eluted it from the column -Vfter 
all the acetic acid had been remoxed, CB-10 was replaced b> C’B-25 which 
rapidlv eluted formic acid from the column With this modified dexelop- 
ment procedure, acetic acid recox ere wa-^ good HOO 0 per cent) and formic 
acid was determined accuratelx ('102 5 per cent) bx direct titration 

At the end of an analxsis watei-Celite 545 c hromatograra.^ could be 
readied for further use bx thorough washing with the original dex eloping 
solxent (benzene) In this w ix watei chromatograms were ii-ecl two to 
three times xxathout loss of performance, prox ided the c oliimn surfaces were 
kept coxeied with benzene between penocF ut ii-e 

Benzene- iqueous Sulfuric \cul Failure oi -cp nation ot n- 
butjric acid from capi OK , capix lie capric ind laiim ac ids wu' exptnriui d 
with the benzene-water chromatogram, -ince the partition (otfficitnt' 
(C'u./Ci) of these acids are too low to permit elTcctixe -rpiiation Other 
solxent sjstera.s were theietore in\< -ligated Ia detc imin ition ot the pirti- 
tion coefficients of /i-hutxric < iprou c iprxln uid laiiric icids bctwrrn 
tlieir phares 

The paitition coelhcicnl- wen dc u rinimd bx c i)iiilibriiion in 10 ml 
glass-stoppered centrifuge tube- Of the -x-tcnis uixc-'tigited, benzene - 
iqueous sulfuric acid appeared the mo-t promi-mg UccaiL-e prchmin irx 
rc,sults (Fig 3) showed that the pirtition coefficient- xaried with lattx icid 
toncenti ition ill coefficient- wiic diiciinincd on l ittx ic id -oJuiion- 
whicli were 0 25 N m the benze iii ph i-c before c ciuilibration with in cepi d 
xolume of atpieou- -ulfuiic ic id 1 he c <h file n nt- were i ili ill iteal i- eon- 
centrition in the aeiueou- ph i-e dixided bx i oncc'ntration in the -cjlxent 
phase 

In Fig 4 the partition cocfficunt- it room tc ni[)< ratiire ot n biitxru 
c iproie, eiprxhe, e ipnc, uid laiinc a id- betwten buizcnc and -uliur i 
uid solution.- are gixcn mix be -nn in big 1 the tonic ni-ition- ot 
aiilfunc icid between 28 iiid ll> \ ippcari'd to liuld the mo-t promi < jor 
-cpantion of thc-e fattx uid- in i benze lu -icitic on- -uliura aud pirtition 
ehronntogrim Low -ulturu uid conn ntr it urn- tmp’uxcd m pirtit.on 
ihroniitogrinis b^ I-herwoiKl (5i to -uppri-- ioiuz.iiion oi i iri/ox.lu 
Kids, h ixe no 1 irge etle'ct on p irtitum cm tin .i iit- 

Bonzene-aulturic icid dirum itogrun- cxiri et ii]i bx il i p-mc-din pt- 
xiou-lx de-i rilied, ind their e iTc < tixi lu — in -i p iriiing ki o cn im.v.u < , < i 
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fatty acids was detei mined Fiom the icsnits obtained and the data 
piesented m Fig 4 tlie following was found (a) Any of the fatty acids 
studied (n-butyiic, capioic, capiyht, capiic, and Kuiuo) uie appreciably 
delayed in a ben/ene-sulfuuc acid clnomatogiam if the toncentration of 
sulfunc acid used m the clnomatogiam is such that the partition coefFicient 
of that fatty acid is at least 10 In oidei to catimate quantitatively by 
duect titiation a fatty acid aftci it is lemovcd fiom the column by further 
development with ben/ene, the iiaitition coeflicient should bo less than 25 
If the partition coefficient is gicatci than 25, the fatty acid will move so 



CAPROIC ACID (m/l) IN' BENZENE PHASE 

Fiq 3 Partition cocfTicicnts of caproic acicl between sulfuric acid and benzene at 
various caproic acid concentrations 

slowly dowTi the column that its /lone wudth at the base of the column will 
prevent acciuate quantitative estimation by" dnect titiation (b) In 
order to sepaiate completely any two of the tatty" acids studied m a benzene- 
sulfuuc acid chiomatogiam, the concentiation ot sultinic acid used shoidd 
be such that the paitition coefficient of the faster moving fatty" acid is 
less than 5, w'lule the paitition coefficient of the slower moving fatty acid 
IS at least 10 

Fig 5 shows the lelation between the position of ma\imum concentration 
of any fatty acid m the effluent of a chiomatogram and the partition co- 
efficient of the fatty acid between the imnuscible phases of the chiomato- 
giam By “position of maximum concentiation” is meant the effluent 
volume at which the fatty acid reaches ma\imum concentiation in the 
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effluent As may be seen, this relationship is linear for both macro and 
micro chromatograms The mtercepts of the hnes isith the Y axis are ap- 
proximately equal to the volumes of mobile phase contamed m the respec- 
tive col umns at the time of sample addition It is obvious that at least 
t his volume of effluent must be collected before any fatty acid can appear 
in the effluent - 



NORMALITY OF SULFURIC ACID 

Fig 4 Partition coefficients of fattj acids betuccn sulfuric acid solutions of 
\ar>ing normality and benzene 

Bj the use of the data presented in Figs 4 and 5 it is po^iible to prepare 
benzene-sulfuric acid chromatogr ims capable oi quantituite ^cporit'on 
of mixtures of anv two or three oi the following lalt. icids /i-but\ne, 
taproic, caprjlic, and capnc acids Suppose, lor example, lint i mixture 
of ;i-but\ric, caprxlic, and t ipnt icidi is to be icpiritcd Fro n 1 j„' 

1 and 5 it ma3 be teen th-it it a micro chromatugram coniaimi'g 32 o . 
suluinc acid is med n-butync acid, liaxing a partition cc-clTc cat ( f ItK/J, 
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will iciniun on the column, while (.ipijlu uiul, having; u coefficient of ap 
piOMinidcly 10, will .ipiiou in ma\imiim com i nli.dion in the ISthml of 
cfllucnL C'lipiic 'icicl, liuing a p.iilition t ocffii lent ot 'ibout 2 5, will 
appeal at appioximatelv the 7th ml of edluent d ho cajnjlic and capnc 
acids may be titiatcd in thi' efilucnt, wluk' the n-butjiu and may be 
titiatcd aflei lomoval fiom the column with watii, .ind ^team distillation 
of the acpicous solution 

It lb appaicnt fioiu the paititum (uefIuient-> ‘-liowii m Fi;' 0 tlut with 



PARTITION COEFFICIENT 

Fig 5 Position of f Utj icid /one in bciuenc snllnric 'itid jiirlition clirom'ito 
gram effluent as a function of the iiurtition coelhcicnt ol the l itt\ icui between the 
phases of the chroinatogrini \ arious latt\ icidi ire designated is follows n 
butyric O, caproii A, caprylic 0 , and capnc • 

35 N sulfuiic acid good sepaiation ol capnc and lamic aiida is possible on a 
sulfuiic acid chiomatogiam with 2 pei cent Skclhsohe B in thiophcne-free 
benzene as the developing sohent It has been louncl that such i 
chiomatogiam makes possible the sepaiation of lapiu acid fiom lauric, 
mjnistic, palmitic, oleic, and steaiie acids Attempts to sepaiatc these 
highei acids have not been successful, although it has been found that the 
use of pine Skellysolve B as a developing solvent toi columns contaming 32 
to 35 N sulfuric acid lesults in paitial sepaiation of adjacent pans of these 
acids Oleic acid passes thiough such columns without appaient change, 
since it may be quantitative!}'- titiatcd m the effluent 
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Eslimalwn of Fatly Acids in Biological Materials 

For the routine estimation of free fatt\ acids m biological materials, a 
procedure imohung the use of one macro separation column and three 
micro columns has been det eloped This procedure is outlined belon 
Preparation of Sample — ^Three prelimmarj steps are necessart- belore 
partition chromatographic methods can be applied to the anahsis of satu- 
rated fatt} acids having as manj^ as 10 caibon atoms m biological materials 
(1) The fatty acids mast be completeh freed of extraneous material such 



NORMALITY OF SULFURIC ACID 

lie G Partition cocQicionts of caprn, and lauric acids between lulfuric acid 
solutions of \arjing normalitj and benzene 2 per cent SkcllesoKc B 

111 proteins and fat (2) A prelimmare tin intitaiite separation ol the 
fattj acids into tt\o groups must be made (3) The l itt\ acids in each 
group must be obtained ciuantitatiieh in as sni ill i \olume ol dc\ eloping 
^ohent cs possible 

'lo free the fattj acids of cxtraiieou' nuttir, a siiiiabli - unplc ol the 
Inological m iteri d to be iniltzcd i- itljusted to pll 2 tvitli 5 per cent 
sulfUnc acid solution, ind the free l itt\ icid- Idar itc-d arc e\tr I’csl otenl 
times with equal tolumes of ether Ihc l itt\ acuL' ire reino.esi I'-oi i the 
ether extracts bj seceral extrictioiis with sin dl \ulur es oi eiilu'e .^miia 
hjdroxide The aqueous solution i' eoiicemri’ed, u i eei-- r_ , to IMj , I 
or loss, brought to pH 2 with 'iilturic aid, tnd e\tr_cteti \ith t* -e-' lb a ! 
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poitioiib of thiophcnc-fioo ben/cno Tiic residual aqueous solution, con- 
taining only low Cl fatty acids, is set aside If nccLSoary, the last traces of 
aqueous phase aie se]nualed fioin the ben/eno ceiitnfugally and washed 
once with 5 ml ot iicsh benzene The ben/eiie solution, G.!- ml oi Icssin 
volume, IS added, without pic\ious saturation with sulfuiic atid, to a 
macio column containing .13 n sulfuiic acid Thu column is developed 
with thiophene-fiee benzene The separition obtained on this column is 
shown in Fig 7 The cuive m I*ig 7 was obtaincil with a fatt> acid sample 
fiom Chcddai ( hcese Similai results aie obtained with known fatty acid 



Fig 7 Separation of higher (capric and higher) and lower fatti leids (i-aprjhu 
and lower) on a bonzono-33 n sulfuric acid pirtition macro chromatogram The 
source of sample was a 2G month-old raw milk Cheddar cheese In practice, column 
effluent is collected until the capric and higher fattj acids ha\e pissed completelj 
through the column, caprylic and lower fitty acids present are left on the column 

mixtures In piactice, 5 ml aliquots of column efiluent are collected and 
titrated until the capiic and highei acids hav'-e passed completely through 
the column The capiyhc and lower fatty acids picsent aie left on the 
column, and the combined neutralized effluent fractions contuning the 
higher acids are kept for later analysis 

The contents of the column, including packing, are now removed and 
combined with the aqueous residues from the benzene extraction The 
resulting suspension is brought to pH 8 5 to 9 5 with 10 n sodium h>di oxide 
solution, and the benzene distilled off iiftei cooling, the residue is brought 
to pH 2 with sulfuric acid and the volatile acids distilled off by the mag- 
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nesium sulfate procedure of Fnedemaim (6) Before distillation the sus- 
pension IS diluted with water to 275 to 300 ml , and 35 gm of magnesium 
sulfate heptahydrate are added Distillation is contmued until magnesium 
sulfate crjstaUizes out The distillate, which contams all oi the lower 
fatty acids (capryhc and below) of the onginal sample, is titrated to the 
phenol red end-pomt with 0 1 x sodium h 3 dro'ade This titration is a 
measure of the quantity of lower fattj acids present and is mcd m eati- 
matmg the amount of sample required m subsequent chromatographic 
separations and analyses The solution is concentrated to 10 to 15 ml , 
nuxed with 0 2 to 0 3 gm of Cehte 545, and dned at 110^ After the addi- 
tion of a few drops of water, the mass is mixed to a uniform damp powder 
and extracted according to the method of Elsden (4) Pow dered anln drous 
sodium acid sulfate (3 to 4 gm ) is added until a fairlj" drj, pink powder is 
obtamed This powder is extracted six tunes wath 4 ml portions ot 10 
per cent butanol in chloroform (CB-10) The combined extracts are 
diluted to 25 ml and kept for later analisis 

The neutrahzed benzene effluent, containing the higher fattj acids, is 
evaporated to di^mess and extracted wnth CB-10 m the same manner a* 
for the low'er fattj acid fraction 

Chromatography of CB-10 Extracts— \n ahquot (2 ml or Icsa) of the 
extract contaming the lower fattj acids la anal>zed on a micro cliromato- 
gram with water as the non-mobile phase Thiophene-frce benzene, CB-10, 
and CB-25 are used m turn as dex eloping sohents As max be teen from 
Fig 2, formic, acetic, and propionic acids appear separafcli, while butxrio 
and higher acids appear a-) a single zone Vnother aliquot of the -ame 
CB-10 ex-tract is analyzed on a micro chromatogrim in wluch the non- 
mobile phase IS 30 5 N sulfuric acid and the dex eloping solx ent ii thiophcne- 
freebenzene In this column, caproic and caprx lie acich ippe ir a.-^ -ep ir Ue 
zones, while butane and lower fattx aciiL remain on the eolumn Ihut, 
formic, acetic, propionic, ciproic, and ciprxlu adds ire direetlv deter- 
ramed ButiTic acid max be dcterminc-d bx dilTereuce or max he retolxcd 
as a separate zone w ith a bcnzeiie-27 5 x -uliuriL ai id micro c liroin itograin 
Fattj aeids containmg an odd miniber oi carbon itonis ( iside inmi fonnic 
md propionic acids) liaxe not been encountered 

Ihe CB-10 extract containing capne md higher l ittx cuis is U-tal lor 
the direct determination ot ciprii and with i micro chruin itugrim cci- 
taining 35 x sulfuric acid Thiophene*-free lenziiic coat umng 2 pc- cv it 
t?kelIjsohe B is used is tin dexeloping soixuit On tlms ediMa c-p' ^ 
icid appears is a separate zone while i ittx n ah h ,,1 er th m c ip -- 1 pt^^^r 
is I single zone md can be determined onl,. u- i g'uup 
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lUtoniij of Imlntduul luitli/ liidi in Kiioun ^hrltin-i Inj 1‘ntltUon ('hronnilwjruphj 
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* ImUvidvi'il ftiUv ivculs to be ieto\eicil \\i le tulilcil to bcp ir lU bamples of buttei 

flit 

t Vll fatty itids to be recovered wcie added to the b tine butter f it b imple 


Rcliahihly ol Method 

Recouei ICS on Known Mnlnics — Known a([Ucou& mixtincb ot the socluuu 
&alt& of fatty acids luuc been subjected to the entne piepaiaton and 
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analjtical procedure described abo\e The reco\enes of individual latty 
acids of four such mixtures are given m Table I 
Butter Fat Analyses and Recoienes oj Added Fatly Acids — In Table II 
fattv acid analyses and added fatty acid recovenes for two butter fat 
■samples are presented A^Tiile no component icid analV'Ci of thc'C two 
buttei fit-, by recognized method', are available for comparison it m iv 
be noted that the results for individual fati3 acid> obtained In partition 
chromatograph} fall well wathin the normal limits of fatt}* acid anal} 'Cs on 
butter fat (7) As ma} also be =een, recoveries ot added latt} acids are 
adequate foi most purpO'C' 


M'VIMVPV 

1 feulfunc acid (27 to 35 n) is a better -olvent lor latt} acids of inter- 
mediate thain length than watei , and hence ma} be m-cd as the non-mobilc 
phase in partition chromatograms for the analv^is of lattv acid mixture' 
H} the use of both water and sulfuric at id partition i hromatogram' quan- 
tit itive sepaiation of foianit , icetic, propionit , ii-buivnc, t apron, i ipr.vlii , 
indcapiic icicK is possible Higher fattv acids do not interfere 

2 The partition toefficient data presented 1 uihtate the de-ign oi peti- 
tion chiomatogiams foi separation ot an} mixture ot the above it id' 

3 13etailefl pioccdurc i' given foi the tiuantit iiivt anilv'i' oi fittv 
u ids m bioltigic il m ittiial' Foi uiurite uialv'i' ol aiiv ont 1 ittv ai id, 
more than 10 mu loequiv ale ills of that at id niU't bt prc'seiit on tlit toltirnii 

1 I’attv Kids in known mixture' or fattv ititLs idtitHl to Initttr lit 
samples, were ret oveied witli a maximum t rror of 8 per cent 

tililcnilii m — \ftcr thi'iiaiMirlud bcf'nsubimt ted aiiubluuum irid (s) ui -.<.01}- 

iiiK I methanol isooctane partition ehroiiuto,;r im for the m paralion and doti nnin itUHi 
of saturated fittv iiids of mtt rniediate t h iin U nt,th IV limin irv viorlv has indi 
rated that such chroni itograms might beusid in conjunctnm with tin pr<Ki dun s d. 
scribed m the present piper 
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THE DETERAIINATION OF IROX IX S.AULL \'OI ITMES OF 

BLOOD SERini* 

Br HELEN B BUBCH.T OLI\ ER H LO^^RY,; OTTO V BLs>E\,j 

BELLA Z BERi^ON 

(r Torn the Diitsion of Xuinlion and Phtj->iclo^tj, Ike Fukhc Uudtk rarrU 
Inslilule of The Ctly oj \ew York Ine \cw Yorl j 

fReceued for publication i-tbruarv 10 I34S) 

In an effort to find practical means oi distingui'hing iron defiticnc\ 
anemias from other types in large population groups, an m\c-,tigation w is 
made of the posSibihty of measunng iron in m amount of blood =< rum ob- 
tainable from the finger Iron deficiency anemia^ are charactcnzcd b\ 
low serum iron, while other states of diminishc-d hemoglobin tonn ition 
show normal or even high values for serum iron (1-4) The prevalence of 
iron deficiency anemias in large population groups has not been widely 
investigated, owang partly to the difficulty of obtaining necessary tjuanti- 
ties of blood for analysis and partlv to the t rouble =omtne'j of existing 
methods Present methods require 1 to 10 ml of blood serum and time- 
consuming techniques 

Most widely used of the methods tor iron in blood serum are those in- 
volving color reactions of ferrous iron with ct,a'-bipy ndy 1 (5, Cj or o- 
phenanthroline (4, 7) and of feme iron with thiocy mate ion (l,S-10; Oi 
these three reagents, thiocyanate ion appeared to ofier advantages tor a 
simple microprocedure Both bipvndv! and o-phcnanthroline require sev- 
eral steps for their use (pH adjustment ind reduction of feme to ferrous 
iron prior to color formation) which it is po-sible to av oid by Using a thio- 
cyanate procedure It has Ixfn found po"ible, with thioeyanate ion, to 
measure iron with sati-fartorv preiision in 20 c mm of -trurn In this 
method, vs hieh IS desenbed below, acid ind thuKvanatc ion are ‘ddM is 
one reagent to the senim and the iron thioey m ite i- evtraetc-d directly 
from the mixture wnth i-oamvl ihohol This- isoids tin prepantion of 
serum filtrates and improve- the < xtiai tion oi iron ironi the erum protean 

In addition to a dcscnption oi the jirotcdua illu-trativi data ire p.t - 
rented, i la , the daily and lioiirlv v in ition m -< mm iron m -< ,, r d nonr i! 
per-ons 
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I M’hitiMi- N nr, 

R<(t(l(itl ', — VII w.itci ii^cd iH laiflnlK iiali^tilhd Itoni gla^-) and “itorcd 
in I’vH'N gl;I'^^-s|()|)|)(M(■d hnttlci 

1 MIiSC'X, 27 pi 1 (cid 'PiaKH ol non .nc u moved by nddingOOo 
ml ol I OIK cull. lied IK'l pel 100 ml aiifl < \ti.i( (mg w itli u d 1 mixture ot 
isoaim 1 alioliol and etlivl etliei until no innk i oloi i> vi-'ible Stoicd at 
1° (Ills leagent i-' ^ ili-'lm (oiv loi -eveial moiitli'' 

2 1 h di o( Idol K 'Kid, Id.') N, piepmed liom Kdi'.fillid (i N fi on-itant 
liodmg) acid 

d Isoiinn 1 .dioliol, ledi^lillid, -'ilui iltd with nidii, nrifl ^toled at 1° 
On (lie d.n u^od, (o 10 ml k ndilul 0 1 ml ol 0 2 pei lent HJ). piepared 
liom .10 pel tent ll.(J, f-.iipi loxol) 

1 Complete le.igent Ivipi.d volnnm ol 27 pi i lent XiljrfC'X and 
1 d.') \ IICI me mixed Uii t -u li -ei u ol di tu nun Uiouh I'liu reagent keeps 
not moie tli.in 2 liouu 

.') St.indaid non ■'olutiun V iloik, 100 mg pu tint, non solutionis 
piopaicd liom non une (Hiiiemi ol .St indardH) bv me'Ui't ol ledibtillcd 
JICl and 11 lew diojis ol iedi'’tilltd nitiio mid V uoikmg atandird of 
200 7 pel tent la iiiopaiod m 0 01 \ IICI 

() Vatoibit atid, dO pei tent m ithvlene givtol Warming to 00'^ is 
neieasaiy to tli-Milve lompletelv , Ingliei tt mpei.Uine-s ie>iilt in di'Coloia- 
tiun i’lep.n.itiun ol lie"}! -.ohition dmlv is letomnundid 

Appaiahiij fu) ^0 C mm of Simm - 

1 Coiistiittion pipettes 2, 20, (>0, and 00 t mm (11, 12) and two tine 
tipped conatiiction pijiettes ol ibout SO t mm tap.iutv loi transternng 
b.implos m and out of the spec (lophotometei luvettos 

2 IMoud-tolletlmg tubes Melting point tapillaues, 1,7 to 2 0 ram 
outside di.imetei, 7 to 10 em long, i (j , Xo dloOO, Kimlile (ilusa Companv, 
Vineland, Xcvv .fcisey These and the seiologital tubes hated below are 
tlcancd by boiling m half toiuentiatcd mtiit atid, luising m diatilled watei, 
boiling m diatilled watei, iniaing hnall} with ledistilled watei, and diied in 
an ov^en at 47-70° 

3 Seiological tubea 0 X 70 mm , c tj , Kimble, X'o 17000 

I Wooden oi plaatic latka toi tubes 

7 Ghiaa-stoppeicd flaaka toi leagents The-.e me tle.med m atid and 
imscd thoioughly with diatilled and ghiaa-iedistilleil watei 

0 Centiifugc htted with cupa auitable foi amall tubea 

7 Bedonan apectiophotometei adapted to amall volumes (13) jMicio 
cells of 2 to 2 4 mm innei width me appiopiiatc 

8 High speed hand dull with a flattened nail toi violently agitating the 
samples to eftect the cxti action ot the aqueous phase with isoamyl al- 
cohol (14) 
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Ipparalith foi 0 150 Ml of Scriwi — 

1 Conatnction pipettes, 0 015, 0 150, 0 45, and 0 0 ml , md tuo tran.-- 
fir pipette- of about 0 5 ml capaciU 

2 Blood-collectmg tube- PjTe\ tubing 4 mm oiit-idc diameter, 10 
cm long, cleaned as de-enbed abo%c 

3 Slee\e stoppers (\aecme caps) for aioppcnng the bloexl-collet ting 
tubes The outside -leece is cut off, and the inner core i-, Used Xo 
1 \.-66F, IVesfc Compam, Phoeneve die , Penn-\hania 

4 P}re\ test-tubes, 5 ml 

5 Other eejuipraent a-, dc-tnbeel abc>ce V C'olemm junior fmodel 
b-A) spectrophotometer uith a special adapter mac lie iiacel for tin- col- 
lime (12) 


ProenhiTf 

Colledion of Sampler — Spend < ire mii-t be liken to ha\c the ^urfitc 
of the finger clean It i- then uiped with SO per tent di ohol and mii-c-el 
with i new, clean, Barcl-Parkci -t dpel blade fNo Hi riit hr-t drop oi 
blood 1 ^ di=i irded In wiping with i chan loiccl I he -mall -ampk-, t g , 
(or 20 c mm of -cnim, are eollee teal ind ^ deal in the -mill taptllan i,-. 
preciou'h describee! (15) up to 150 e mm ot -enim 1300 t mm 

of blood) arc more concenienth eollceted b\ the ii-e oi the largtr tube- 
B}' cepteezing the finger tin- imenint ot blotal i- < i-ih obtainable It 
ncce—arc, the hand -hoidd be w inned 1 hi hr-t ft" mm oi the dn ctid 
of the tube are coated with % leiiiini wa\ or \ i-eline md tv uiinecipJinnh 
pre—eal into plate ifte r hlling 1 he imwaxeal end ot the tube i- clo-^al )>\ 
mother t ip Ptiore trntnfugina die lap on tin w i\(-d iniJ ot tin tiilx 
1- t ipeal on with atllie-ne t ipt \ittr -< ding the - trnple- m dIow«a! to 
tint, ue ccntriftigiai md the nim i- tolhtical it o/ue md -fortal ui 
iron-lrec tube-, preterabh tropin until uiihztal 

l/ui/)/?t> — It I-, 01 (oiir-i iiH c— ir\ lo work m room- i- tna -- jtn -ibli 
fioin dii-t md tci t iki e\(i\ pn< mtion to noid i oiii unin Uion ot -aintih - 
md til m 1>\ (ociniig tium wimiictr jio— ibli with du-t-prfy./i 

111 III ml- 3 o 20 I mm of -< nun in i t» X 50 min inbi ui iddni u) 
t nun ot the tompltit n igi nt I in - uaph l- will -h iki a it oiui b> 

f Oipiiig to obt im i tiiiiK dnidtil proipii Ui irom wimh in.n i m i \- 
tiutcal •«) ( mm ot I'tunu I ihtihol <<intniimg Il-tt- in ddiai lin 
liibt* I- t o\ e ri d witli I^irifilm uid iniMal \ii»IintK In ob’-iUia \isis t! * 
high -pia-d motor and n uI < Vppiriiu- Him 'S't 

HI uik- md -t md iriL- in jin junii «t tin - mn tinn o -ui Jitut’''^ 
'ilhfi w itir or -t md ird iron -oliiiioii lor tla -* nim 
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iboamyl alcohol lajci luo pipcLtcd caiefully into the Jlccknitin cell with 
caic to avoid contamination iiom tlie piecipitate inteifacc oi from the 
watci layoi (To clean the naiiow Beikm.in cclh, allow them to btand foi 
10 01 15 minutes filled with 1 n IIC’l, iinse well with ledistilled watei, and 
di}'’ with alcohol and cthei Finallj'-, one of the leigent blankb is used 
foi iinsmg the cellb ) With isoamyl alcohol m the lefeience cell, the optical 
density of the sample is lead at 520 m/a (/?i) Tiu* entiie sample is re- 
moved fiom the coll with a fine piiiette and delneied into a clean tube 
2 c mm of the 30 pei cent ascoibic acid leagent .iie added and the solution 
lb mi\cd Aftci 10 to 00 minutes, the optical deiisitj ol the solution is 
again measuied (A\.) 

In piactice, a senes of samples is lead, lemoied fiom the cells, and le- 
duced with ascoibic acid I’lie tubes aie coviaed with Paiafilm and al- 
low'ed to stand until the completion ot the oiiginal leuhngs on a seiics 
Then the optical densit}' of the i educed solutions is deteimincil 

Calculation — Since the same pipettes me used toi seium md loi non 
standaid solutions, the volume of the pipettes does not entei the calcula- 
tions 

lii - It = /A 

(/A - /e i,u..v) X 200 ^ 

A.U.‘u,hra - /Alank ^00 ^ 

The factoi 100/90 is nitioduced to coiiect foi the incomplete rcco\ci\ 
(90 pel cent) of non fiom seium 

DISCUSSION 

Exliaclwn of lion fiom Seium — ^Foi the con\eision of non into a detei- 
mmable foim, twm types of methods ha\e been emplo>ed previously 
(1) ashing and (2) piepaiation of piotem-fieo liltiatcs The various ashing 
methods give total non vmliies foi seium without eoiieetion foi the possible 
contiibution of non due to hemolysis Since hemolysis is likely to occui 
to a slight degiee ev'-en undei v'eiy favoiable conditions, ashing methods 
foi laige numbeis of samples vveie considcied unsatistactor^ 

Methods depending on piecipitation of the piotem and lemoval of non 
in the hltiate weie foimd to be unsatisfactoiy on the micio scale The 
lecoveiy of added non w^as low and niegulai It w^as found possible to 
obtain bettei lecoveiy of non and with fevvei steps by adding acid and 
NH4SCN as one leagent to the seium and e\ti acting the Fe(SCN )3 di- 
lectly with isoamyl alcohol Since niegulaiities in lesults w eie found w hen 
tiicliloioacetic acid was used to piecipitate the pioteins, it was omitted 
fiom the leaction mixture The thiocyanic acid itself causes a consideiable 
precipitation of the proteins 
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The concentrations of HCI and XH^CX and peroxide 'nere chosen to 
give maxinial extraction of iron and color dev elopxnent and minimal blank 
values Increasmg any of these three reagents bejond the given concen- 
tration tends to cause an increase m the blank 

Correclwn for Acid Hemalin — ^In addition to Fe(SCX)j, acid hematm is 



I ir 1 \baorptioa curves of isoamvl alcohol eviracu ot ^queous oolutiou ar ij 
hcmalm, acid hematm plus ascorbic acid, feme ibiocvana't ft.rnc tLc<ja,.a'(. plus 
ascorbic acid 

unfortunatelv also extracted into isounv] alcohol together anth oth(.r u i- 
known nntcnils present m serum which absorb light at t' c va.c hi,,!'! 
Used for measurement (520 ma) k meins was, tKriiore, .oughf^ to 
eliminate, correct lor, or rc^lucc to v minimum tins intcricrciu 
Since acid hematm h is m absorption 12 times grt iw r IW) ai t 

520 nm (Fig 1), It Is possible to achieve an apjiruvimitc ccTw , -0 fc' ' d 
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hematin by mcasuuiig tlic ub^oiphon ol the I'^o'iin}! aI(ohol extracts at 
iOO m/i and calculating the (onlnbution ol Ik matin to the absorption at 
o 2 () m/j HowevcM, othoi inateiials (*\ti.i( ttd tiom iiim makt thepiopcr 
collection factoi somewhat niueitam and, theietou*, this pioddnre un- 
satisfactoiy 

The selective dcsliiielion of the roloi ot l''e(*'s('Xj 5 without changing the 
absoiptioii of the mteifeiing inatenals w.is anothei [lO'^ilnliU The addi- 
tion of ammonia dccoloiucd l'V(.SCX)i but aho cumiI a change in the 
coloi of acid hematm Reagents siuh as stannous dilonde and soditmi 
aisenite leduccd the Fe(SCX)a but pioxed inisatislactoiv tor other rea- 
sons Howcvci, it was found that minute (luanlitu of asi orbu acid rapidly 
leduccd Fc(SCX ^)3 in isoamyl alcohol solution .uid that lu id iiematin was 
not aftcctcd, paiticulaily m tlie 500 inn legion (I'lg 1 ) V 50 per cent 
solution of aseoibic acid in eth} lene ghcol pioud to he i satiitactoiw re- 
ducing agent because of the low \olatiht> of the sohiiit and th(> ieliti\el> 
small volume of solution leciuiied toi the leution 

In addition to acid hematin then* ma\ be i slight i ontiibiition to the 
blvvnk fiom othei substances picsent m ‘'Ciiim 'I'licsc subst mi cs show min- 
imal absoi ption at 520m/i (I* ig 2) Although the ibsorption ol Fe(rfCX)j 
is somew'hat less than its ma\imum at tliib wa\e-lcngth, absorption at 520 
mg was chosen as best foi the seium non mea^uiemeiits m oiilci to keep 
the blank values as low as possible 

The diiTeienco cunes (Fig 2) fuinisli fuithei eculenco that onl> 
Fe(SCN )3 is changed by leduction with ascoibic and The absorption 
cuives foi Fe(SCX )3 extiactcd fiom scium and loi the same extract after 
addition of ascoibic acid weie meisuied between 120 and 5ti0 mg The 
difteience cuive icpiesents the change m absoiption on leduction This 
difteience cuive is compaied with a diheieme ciiue calculated fiom the 
absoiption cuive of Fe(SCX )3 It can be seen that the actual and cal- 
jCulated diffeience cuivcs neaily coincide 

Slaiulards and Recoioies — Piopoitionahty of the Fe( 3 CX )3 color pro- 
duced at low concentiations of non m the miciomethod is satisfactory^ 
(Fig 3) lion standauls containing 95, 184, and 328 7 pei cent of Fe weie 
used in 20 c mm quantities (19, 37, and GG 017 of Fe pei sample) for these 
measuiements 

Similai concentiations of non standauls weie added to serum for re- 
coveiy expeiiments (Table I) Whethei 01 not the leagent stands in 
contact with the seuim bet 01 e exti action with isoamyl alcohol seems to 
make no significant diffeience in the lecoveiy, which aveiaged 89 pei cent 
(Table I) Additional tests have showm that lecoveiy was not inci eased 
by allowing the seium to stand wuth one-fouith its volume of G n HCI for 
15 minutes pi 101 to the addition of KH 4 SCN and isoamyl alcohol The 
pel oxide is added to conveit and maintain non m the feme (III) state 



BURCH, LO^raY, BESSEY, AXD BERSOX 797 

Rejtroducibility — Separate samples of blood from each of four fingers of 
the same hand taken m consecutive order vere analjzed m tnplicate 
(Table II) The standaid deviation among the twehe analyses was 3 G 
7 per cent, which agrees with other replicate analj ses The agreement 
between the averages for each finger is about that expected from the 
standard deviation, which suggests that the method of obtaimng blood 
from the finger need not mtroduce additional errors This is borne out by 
comparison of analysis on blood senim from the finger and from the \em 



«0 450 SCO iiO 

Wave length nyt 

Fig Z tbaorption curves (Curve V) of re(sCN)] cxtracitJ fro i „ "u i i ’i 
isoamjl ilcohol and (Curve B) of this extract reduced with L.curiJic ac 1 a 1 c' Y- 
cnee curves obtained b^ subtracting the values for Cur e B iro^i Cu*' e V a. J h 
cilcul itiiig the difference curve from the ibiorjition curve ei he'^t N 
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DETOUMINATION OP IRON IN BLOOD SLRUM 


piioi to the test to avoid possible nlimcntai-y effects Ratliei marked 
fluctuations weie obseivcd without any delinite ticnd The gioatcst 



Fia 3 Curve showing proportionality between the concentration of iron in stand- 
ard solutions and the optical density of the re iction product (I-'i.(s>C\)a) is measured 
in the isoamyl alcohol layer 


Table I 

Recovery of Iron Added lo Seriitn 


Treatment 

Serum Fc, 
imttal 

Aiiacd Fc 

Total Te, 
found 

Recovery 


y per 100 ml 
serum i 

7 per JOO ml 
serum 

7 per 100 ml 
serum 

per cent 

Standing with reagent 15 min 

54 

100 

111 

87 

before addition of isoamyl al- 

63 

202 

234 

90 

cohol 

60 

396 


89 

Reagent followed immediately 

48 

100 

134 

86 

by isoamyl alcohol extraction 

48 

202 

231 

91 


48 

396 

100 

89 


change in any one 3 hour peiiod was 40 y pei cent, the smallest was 6, 
and the average was 20 y pei cent In no case, however, did any sample 
fall below 65 oi use above 122 y pei cent Heilmeyei and Plotner (4) 
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ha\e leported a decieate m serum moa after b hours fasting, uith a subst- 
(luent nse of 25 per cent after 24 hours Changes in the scnim iron lc\els 
also occur on different da\s, as noted be Skouge (2) and more reccath in 
Hpjer (10) The latter describes a fall in senim iron from raoming to 
ecening of an accrage of 42 y per cent, and daih and uecklc a\er igc \ in i- 


T VBIt II 

hcTum Fc tn CoMCculne Sampler of Finger Bloo>l 



Fin;;cr 1 

Firmer 2 

Fngcr 3 

Fioscr i 

P/i -/ 

* / /O 

94 

91 

92 

10-2 


08 

OS 

Ot 

100 


9C 

80 

00 

Ot 

Vverage 

% 

'U 

Ot 

f(0 

“ lianalisCd 




Oo 

Standard dmiation 




4 0 


r vDLt III 

Comparison of Iron in Blood Si rum Jrom J ein and Iinjcr 


Source of ‘crum Ic Source ol Scrum tc 


t per fO ml f r(f 1 ^ 

\cin 90 IiiiKtr coutcti uitJi inmtr il ITi 

lOr oil lo'i 

112 m 


Vvcrjgp lOo 13-s 


I ingcr cIcaiK ti \\ all ali ohol 111 Iiiigi r co at ti « ah \ Ian Ijis 

in 1.-7 

I2f) 

\\Lrugc 115 las 


tions of ^0 7 jxr um \ ihiqui't lii obiamed i(> y jxr ctia lostr 'tram 
iron It (lOO p in tii m it SOO i m on fiuetii ni de 'Ubjitt- 

Penodii ilh during i (jiriiKi oi 1 nioiitfi, a 1 1 00 i ni iilt^rd 'tnu i i ls 
obt iinetl from i uli of lour aliilt imiiHn aid tadczitl lor in i li% tin pro 
po'cd microinctiuKi iiit indnidiul mrigt^ win. ‘j 2 ')J, IM), ind 109-, 
per lent iiie st aid ml di \i itioa' were, R'pct Inch , it 2S,2-i a a 21 7 
per cent (1 ddi I\ ) Iho lowi-t \ dtu ob-vircisi w c^ if) nd v* i Ii t , 
1 '>■)-, pi r i( nt \o I orn 1 itioii ot till' iron c dot ' aah ti < niii'.n tit , 


DbTDUMINATION OP IKON IN 1H00I> SMILM 


Subject No 1 



3 pel dtA'j 

lit day 
ISlhday 


Subject No Z 



'dth day 

t St day 
Ipdday 


Subject No 3 



3-’d dae; 
I4th day 
Ist day 


930 1030 mo 1230 

Time ofaamphn^ 

Flo I Ilourlj bciuMi iron Io\els in i iiiiijM u 

Tvnit I\ 

Scrum Fo DcUnuinulton-i on Foui SuhjtLis liurimj I Month 


lime intcnsl 


Subject \ 


Subject n 



Subject L 


Average 
s D 


7 per 100 ml 

7 per 100 ml 

/ per iOJ 

126 

90 

110 

G4 

120 

155 

75 

91 

140 

SI 

127 

91 

9G 

107 

98 

135 


96 

83 

73 

61 

118 

72 

70 

90 

60 

110 

73 

111 

81 

77 

88 

100 

73 

93 

85 

101 



92 

94 

100 

±24 

±23 

±23 


Subject U 
/ per 100 ml 

76 

111 

1.16 

117 

IdO 

100 

127 

111 

123 

SO 

12S 

73 

IIS 
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v\as obiCi-ved These a\eiages, and fluctuations concur mth the ddi in 
the hteiatuie obtained with macro seiuin iron racthod^ 

It IS apparent fiom these measurements and those in the liter ituie tli it 
the serum iron le\ els may undergo considerable houilj and daiK \ ariation 
This must suiely be taken into account m interpreting data designed to 
reieal nutritional status iiith leapect to iron On the basis of knowledge 
now available on the subject, the folloiiing conclusions seem reasonable 
Serum iron i alues less th in GO y pei tent are raieh found in well nourished 
persons and, theiefoic, in the absenee of infeetioii or other pithologi (17) 
such Ion tallies can piobabh be mterpreted as mdieating an iron de- 
fieienet Cont eiseh , t alues above GO y per cent indicate* an adequ itc iron 
-uppl} Since factors other than iron supply lead to ritlier inde fluctua- 
tions in ‘•eium values, such anahses cannot be safelj used to estimate iron 
intake except on a lather lOugh scale This limitation notu itlist Hiding, 
serum non analvsis, if a suitable method vere atailable, would seem to 
piovide a useful and piaetical means of dcterminmg the occurrence of iron 
defieienc3’’ in laige population groups It is felt possible th it the jirojiO'cd 
imeiomethod max serx'e tins function 

St MM MIX 

1 V simple method is di sciibid for the deterniuiation of iron in 20 e mm 
of blood serum with feme thioex m ite as the colored compound mea'Urcd 
lion added to acium i> lon'istentlx reeoxeicd to the* extent of ibout 00 
pe r cent The standard dex rition of replicates i& 3 to 5 7 per cent ‘since 
blood serum from the fingei can be used and since one analx st e m perform 
txxeiitj-fixe to hftj iinlxscs in i dax, the method appears suit ible tor 
nutritional sutxe\*s 

2 Ilourlj X iriatioiis in serum iron xalucs ixeriging 20 y per cent xxere 
obserxed during 3 hoiu peiiods for three* well nourished per'Oii*- Ifu 
X uiatioiib oxer i period of a month for four uiult women were grciter but 
seemed to be restricted within the limits of GO to fio 7 per cent Exeii 
with this X iriation it is felt th it, -iiuc 'e*rum iron ol Ic-s th in (<0 y per tent 
Is me imoiig well nourished pcr-oiis, sinim iron inilx-is bx the method 
de'^enbcil proxidcs i ii-eful md riliible means lor determining the ixeiir- 
lenie of non deficieaux 111 1 irge population groups 

llIllLIOGleXllU 

1 Moore C \ , Xrrouoiiiilii \X' It <luiili„ii J J -ill U iJ J t' J (Ut 
lilt L 1 16 1>M tl’iJT 1 
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THE EFFECT OF PITHDOXINE DEFICTEN'CY OX THE 
TRYPTOPH \X-XIACTX TR \XSFORMATIOX 
IX RAT.-,* 

B-k CIIILX-TO\G LTVG, D MVHK IILG-sTI D, im, F J ^TVRf 

{brom the Deparlmenl of \ utntion Harvard School of Public Health, and ihi 
Dcparlmeut of Biological Chetnistrg Hariard Mtdical School, Bodoti'i 

fBoceivod for publication, Feliruar\ ItMSi 

Iincstigations conducted bj Lcpko\',k 3 and hii coworkcr^ (1), Cirt- 
wngbt el al (2), .Schneigcrt and Pearson (3), and Ro'cn, Huff, md Pcrl- 
zweig (4) indicate that p^ndoMiic ph\s a role m the fon\cr'ionof 
tej^ptophan to niacin dernatnes in rit-., muc, and Ro-tn, HulT, 

and Pcrlzucig obteived that in p\Tido\inc-df fic icnt rat- the urinan e\iR'- 
tiou of X'-nieth\lni(otmimKlc after ingt'tion ot tr\ptop}nn did nut rituni 
to norm d le\el'' even after 2 ueeL- of refctding \Mth p\ndo\ine lhi\ 
tiuspec te<l that certain pei-mancnt ch ingi s might h ue otcurnii to llic p> ri- 
doMne-deficient rit> nhitli imp ured the comer-ion nn c h umm fhe ejut — 
tion still romam-, whether the transformation oicurs in the mtc-tind truf 
bv Incterial -Mithe-i- or me tabolu prolt'^c- in tin inimal huh Kuhn 
(5, (i), HancUei (71, and tinir collabonlor- ln\t -hown ihit when niicin 
was ingested in human subject-, or added to the blood in iilro, it w i- 
ciuickl.t s\ntlie-ized mtop\ndinf nucleotide- (cocnzMiie- f ind II) In tin 
led blood cella Ihercfou, it wa- thought of intcn-i to in\c-tigit( the 
effect of intrucnous injection of treptophan on the fluctuition ot told 
p\ ritline maleofidcs m the cn ihroi \ tc - in nonii d uid pc ndoviiit -dc fn ii nr 
rats 


j \i'i nnii \r\i 

lime lot- of dbiiio rat- w< II ii-isl in tin- -tiid\ 'liu-< wi r»' cighlis ii 
\oiiiig idult m lie- weighing be iwti a 2t)J and 2')>s gill it tin In ginning ot 
the i\pennicnta twihe fem di - weighing he tun n iol ind is-J gm , nid 
ten c oiing m d(‘- between 72 nid ‘JS gin in weight ( )ni h di ot tlu idnll 
iniin d- of c nli -c \ wj- gum the pjridiAini -cMn uit diet nid tlu o'lit r 
h df the Lonliol dll t Ot the \uiing uiimil- -cccnwin m id, dt lu iiit rad 
lime -( r\ed Is control- Ml ot tlie-i uiiiiud- wi a ki [it n mdi iln d , u' - 
withiiMxl md w iti r-iippliisl ad/i/zi/nni 

IXndoMiie (IcriiuntN w i-. indiitcd b\ omitting inrdo\ m laeu tlu d 1 1 
md including the mtiMt inim dc-o\ 3 p\rdo\uu is P* lie toi;^ r , u 
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ol the p\iKlo\mc-clelicionl du't }& gnen m Table I 'I'lic contiol diet was 
the same except that 500 y ol pvndoMue Indinthloiidf* ni'ie included pei 
iOOgm otdict 

The }Oung male lalb beg.iii to bhow ‘’ign‘> of atiodyma altei being on the 
pyiidoxme-dehcieut diet loi about ) week-- The p.iWb bee ime leddencd, 
bquamoub, and swollen, and the legion about the noic \sas led and eiodcd 
with mflammatoi^’’ seeietion 8e\eial of the joung latb de\eloj)ed a ^eah 
tail Lobs of appetite and emaciation wen g(neiall> noted among thcbC 
deficient animalb At 7 weeks, some ol the adult males on tin deficient 
diet also developed typical deimatitis Mo>t of the defn unt •inimalb ex- 
hibited neivoubne‘^s and flight, and one ol them died ol motor pirahsii 


Tvdli 1 

Coinpobiliuii of Pijndoxint Difuttiit hitl 


Ini,ri.(licnli 

^I’cr lOOhm 

1 

jrtf Ibflgm 


gm 



Casein, vitiumu-freo, LibLO 

IS 0 

p VininobLii/Dii, aid 


Salt Mixture IV* 

, 1 0 


( 

Sucrose 

72 7 

Tlnaniine lijdroi hinrnh 

100 

Coru oil 

5 0 

Hiboll'u in 

SCO 

i.-Cj'stinc 

0 3 

Ca p'lntotlu ii'ilo 

2500 

Choline cliloi nlo 

0 1 

Fola 'aid 

lOO 


m. 

Biotin 

20 

a-Tocopheiol 

15 

Dcso \3 pyrnloMiiL 

2000 

Inositol 

20 


drjps 


1 ! 

1 Oltiiin jiertoinorplium 

15 

* Ilegsted, D M , Mills, K C, 

, Elveiijem 

, C V , ind Ilvrt, 11 B ,7 

liiol Chun , 


138, 459 (1941) 

piecedecl bj'" ataxia Seveial otheis succumbed to pneumonu and septic 
infections The mam featuic on autop&> of pyiidoxme-deficient i its was 
maiasmus and geneialized atiophy of the Ijunphoid tissues In oidei 
to keep these lats alive and maintam the deficient state foi study, des- 
oxypyiidoxine w'as wuthdiawn fiom then lations and its casein content 
inci eased to 25 pei cent aftei the 7th week of the expeiiment 

Determination of total pyiidine nucleotides m the eiythiocjdes was made 
by the alkali-acetone condensation method of Levitas et al (10), somewdiat 
modihed foi the use of a small quantity of blood specunen 0 -1 ml of the 
w'hole blood w'as lakecl chop by diop in a small test-tube contaming 0 8 ml 
of a 25 pel cent tiichloioacetic acid solution and 2 8 ml of distilled w'atei 
After standing foi about 2 minutes, the mixtuie wms centiifuged and filteied, 
and 0 3 ml of the filtiate was used for each tube m the analysis accoidmg 
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to the original method descnbed bj the abo\e authors Readings v\ere 
made in a Lumetron fluorometer with the quinme suliate standard (.0 "i 7 
per ml ), the galvanometer uas set at 100 Hematocnts were determmcfl 
simultaneoudy, mosth in duplicate, with \ in Vilen micro hcmatroerii 
tubes 

Separate determination- of fliiorestent material m the plasma ind in the 
crjdhrocjtes were made on -eieral samples taken from two animals betori 
and after the mjection of ti^Titophan It w ls foimd that the pi i-mi eon- 
tains onlj one-tenth to one-fitteenth, with an atcrage ot 9 per cent, ot the 
total fluorescent material in the whole blood Hence, when whole l)loo<i 
was analized, the fliiore„'cent matcrnl in the ersthrocitcs w i- eomputeel 
b\ subtracting 9 pei cent from the t due obtaineel with the whole IiIwhI 
This was found to be m agreement withthe\alufsdetermmceldirectK irotn 
washed erj throcj tes in the -ubsequent experiment 1 he fluorescent m ite- 
rial per ml of ervthrocites was calculated Iroin the henutoerit obtained 
at eich period The recover} values of 0 5 7 ot X'-methvlnicotm imide 
addeel to the blood filtrate were in most in-t mic- 3S division- per micro- 
giam on the Lumetron fluorometer, which w i- -imilir to those reporteii by 
Levitas el al Iheiefore the dipho-phopvridine lUKleotide-N'-mcthvl- 
nicotmamide pioportionaluv iaetoi, 15/ 3S = 0 1, seems to be ipplnable 
and was uscd m the computation 01 total pv ndine nucleotides m the erv th- 
lot} te- and evpiC'-ed as dipho-phopv ridine nucleotide (DPX) 

In the experiment on the pvndme nucleotide sv-nthe-i- bv ervthrocvte- 
following the injer tion ot ni icm, the pyridmo nucleotide content in the nal 
blooil cells w Is determmed irom ervthrocvte- washed several times with 
Ringer’s solution and resuspended m the Rmger’s solution to 1 ml volume 
Till- -uspen-ion was laked in tnehloroacetic acid solution and tnal}ze<l m 
the manner destribed above, ind the pvndme nucleotide per ml ot erv th- 
roe} tes calculated from the henLitoerit 
X’-lMeth}lnicotinamidc m the urrne w is determined b} the iluoroinctni 
method of Huff and Perlzwtig (11) Xanthurenic atid excretion m the 
urme was me isured In the photometric mithoil dtscnbcd In Ro-m, IIulT, 
md Perlzwcig (4) bi-id on the greui tirni -ilt lomLition 111 tin. ilkahu-* 
urine suggcstcil b} Lepkovskv ttaf (1) 

riuctuation oj Total Pyrulvic V«cko'i(/is i/i £.r^t/irucj'<.s ajh r Iniiai 1 
Iiijution ot Tryptophan in \onnal ard PijndvxiiK-Dt ,c tid lia'c — 1 ad oi 
i Ircshl} prcparetl sterile -olutioa oi L-tr}ptuphm com iinmg oO mg j^r 
ml , m 0 12 N XaOII, was injcateil uito tin t ill viai ot the nt Vo j / 
0 3 to 0 7 ml of blooil -pecinu n w is t ikcn In 1 c irt pui ctiin. ju 1 . lore, 
uul ever} 2 hour- iftir the iiijiation ot trvptuph m u d oa il p, r ' ' 
nucleotide md hcmilocrit ditinumt-l I he ’■i ult- o' d . ii^iko c 
tcrmin itioiis ire -umm iruid in h g 1 In '1 c "onn d -r p, ■ ' )• > 
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aiumuls (lied (jl hoait piitu (uk* due to ihmk.ihIi.iI licdiDiih me hcfuic (oiii- 
plcto data olihuiKHl It, is ndtMMing that tin moitalits ol IunuI inino- 
tuio horn poiicaidial lii'inoi ili.ijj;(‘ w.is hifilici iinun^!; the iioiin.il than tlu* 
pyii(I()\me-dofi(’ieiiL lats 

III the 1101 nial i.its, alU'i iiitiaM'iioiis mji 1 1 loii ol 1 1 \ |)lopli,iii, the ji} iidinc 
miclcotido level hoKan to iisi* iii 1 lioui-', u k Iieil its pi ik lietuceii S and 10 
hoviis, and deeioascd }i;iadnalls tluMealtei to lU'U il^ initial U\el attei 21 
houis I'lie u'sults ol s(>piiat(> mi.ih-'is ot pi i>ni.i and iid lilood nils in- 
ditated that the plasma jioition ot the lliioiC'i i iit mateiial did not iniiia'C 




Tie. 1 Thu cITccl of trj ptoiiliun md iiiacui iiiji t tioii', upon tin. i r\ throt\ to DPN 
level m norniiil ami pj ruloMiie-dofitionl nils I, ii h iioiiit njiribcatb tin uLrigeof 
llu values obi uucil fiom fne rits iii llu uppt r thru' cuius mil from tlirci rits iii 
the lower two cuivcs 

aftci the injection ot tiyptophau, hut lathei teiuled to be slight^ lowc'i 
than the initial levels as moie blood was withdiawn Appaicntl> , anv in- 
ciease in the Iluoiescent mateiial in the blood altei injection ot tiyptophau 
w ab in the eiidhiocytes and not in the plasma 

The pyiidoNine-dehcient animals had a low aveiage initial level ol pvu- 
dine nucleotides in the eiythioeytes, and in contiast to the use m nucleo- 
tides obseived in noimal animals aftei the tiyptophau injection, theie was 
a slight decline, piobably due to the loss of blood 

The aveiage initial hematocut was 47 G foi the iioimal, and 4G b toi the 
pyudoNine-deficient lats The hematocut deei eased at an aveiage late of 
'appiONiniately 7 pei cent its total vmIuc aftei eith heiit punctuie, and 
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there uas no sjgnjficant djffereme )>( tween the normal and the pindovine- 
defieient groups of animaK 

Response of Pyridoxine-Dehcunt Ral\ to Injection oj Pyndoxine on Rt^- 
loralion of Their Ability to Coniert Tnjptophan into Xicotmic icid Dtrua- 
liies — The etfect ot ''ubcutanrou' injection of 1 mg ol p\ruloMiu 
Indrochlonde 1 hoin pnoi to the mtra\(iiou'. injection of 10 mg of n-trvp- 
tophan in the p^ndoMne-fleficient rat-> was tsimineil Allir the injection 
of p>rido\inc, the animals immediiteh mtrea-ed their appetite ind begin 
to feed piodigiou«h Blood specimens taken jU't betore the mjeition of 
trj'ptophan ga\e an a-eerage initial laliie of pendine nutleotides in the 
erythrocytes between those of tlie noim d and the deficient nts without 
precious injection of the citamin The highc't icerigc Icccl w is re ichesl 
8 hours aftei ti\ ptoph in wa^ idmmi'teied ind maint lined it an! uncle 
high le\el e\cn iftci 24 houis \.ppircntl\, with the inert ned ijipctite, 
sufficient tnptophan was obtained from the ca'Cin (23 pe i i ent) in the diet 
to keep thepc ridme nucleotide 'at this high lece 1 

Synthesis of Pyiidinc Xiiclrotides by EiythrocyU > / ollouinj >iubcutamoif> 
Injection of ^ lacin in Xonnal and Pyridoziin-Dehcient Rati — Ihis csperi- 
ment was conducted to determine whether p\rido\ine dtheiencc his iiij 
influence on the scnthcsts of pMidine nucleotides from nue m In tiic ervth- 
rocj tcs in the r it Sine oH indie r ind Kolin (7) toiind fh it iiee niicinwis 
moic cftectne thin niaemamidc foi the eoeiucme 'Mitiu'i' In hum in 
orjdhioi \ tts, the fiet \it imiii w cs U'cd m thcs iin (-'ligation 1 ml of i 
steiile solution containing 10 mg of niiotma iiid w is iiijiiied 'Uiieiitani- 
ou'ly into e i( h of the iioiinal uid pciidoMiie-dein lent nt' llu jnridiiit 
micleotieit' in the en tliroi \ to wi it determined with tiu w i-lied nil blood 
cell suspension as di'crihed ilani Fhe n-iilt' oi both iionn d md tin 
tlefit lent gi mips m shown in 1 ig 1 It will be '( ( n tii it in lioth iii't im ( > 
tlie i-C'poiise to 111 i( III injt < tuni < inn > irlie r th in UK r injection (;l tn pto- 
jih in to noim d nts oi ifter injc i tion ot p\ rifioMue md trvptoph m to tin 
uelicient nts 

Urinary Ejlch tion ot \ thylnnulinainidi I In iciretiuii ol lias nu 
t ibohti* w is lii't di t< rmincd on i group ol cmiiig nt- ifti r 7 wick,' mi tin 
deliiiint diet 1 la ucnige 21 hour c \t re tioii i' mca'UKsi irma i } d u 
eollection of urine ringed btiwicii 172 to it) I for tiu fue [ivndoMiu- 
dciuicnt rd', and from 43 1 to 110 ■> tor the thru* control' lie 'tiiri 
\tnmis injei lion of 10 mg ot l tr\ ptoph in in tiu cmitrol nun iB itrifiuKsi 
III men I'C in e\iiitiun to 32i> ■) jxr 21 hour' lompmci to oj jiror to 
mjiition 13(11(11*111 inim d' gum I mg ot }>%rdo\iiu 1 1 ion tf i ir p.o- 
ph in iiijti lion e \i re tod 121 [x r 21 hours nunp ind to 71 / p^. » > . m 
the injiction the 'iilu lit iiiisai' injutimi ol lU ing oi nca *1 t i -si i' . 
e \cii tion 01 X'-inctlu liiK min iimde loii’in I'c in.'n'cj to 1 'al s. 
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m the contiol auinials compared to an mcicaso from 71 to 1193 7 m pyri- 
do\me-cleficiont animals These ligino'? aie the avoiaf'c obtained with 
thice 01 foui animals m each case 

Xanthinenic Acui Exoclion in Pyiulounc Dejtcicncy — The xanthurenic 
acid excietion by thieo pyiidoxinc-defioicnt rats with m axeiage dailj food 
intake of 5 0, 3 5, and S 0 gm each was 0 39, 0 b(), and 1 OS mg respectively 
pel 24 houit. The lation lontaincd 23 pei cent (.e^em which yields 13 
to 14 pel cent of tiyptophan (12, 13) and would piovidi' appioxiniatcly 
17, 12, and 30 mg of L-tiyptophan le^pectnely pen daj Wlun llO mg 
of DL-tij’^ptophan along w ith 3 gm ol the i.ition w( le fed to each one ol thcac 
lats, they excieted 13 41, 3 52, and 13 40 mg of xantluuenic aeid icapec- 
tivcly pel 21 houia The excietion ceased abruptly alter oubcutaneoua in- 
jection of 1 mg of pyiidoxmc, but leappeared 18 houi-i later m one ot the 
animals which excieted only 3 32 mg in the lirat 21 houra aftei iceding 
tryptophan 


DISCUSSION 

The piesent investigation leveals that intravenoua injectiuii ol 30 mg ol 
n-tryptophan to nomial lats induced a significant iiae m total pjndiiie 
nucleotides m the ciythiocytcs which n ached a peak 8 to 10 houi-s aftei 
the injection The avciago maximal incieaso at 8 liouro aftei the injection 
was 23 per cent ovei the initial levels Calculated horn tlie a\ eiago weight 
of the lats and assuming then blood volume to bo 6 4 poi cent (0 2 to G 7 
pel cent)^ (14-lG) and the aveiagc hcmatoci it at S hours to be 31 3 pei cent, 
an erythrocyte volume of 7 1 ml isobtauied Thib would account lor a mav- 
mal increase in the eiythiocytcs of 230 S 7 is DPN 01 IG 2 7 is. niacin per 
lat It IS reasonable to suppose that pyiidine nucleotides are taken up 
by the tissues as they arc sjnthebued, partly stoied, and jiaitlj utilized 111 
the metabolic processes, and then excieted as metabolites Also a consid- 
erable portion of the converted niacin may be excieted m the uinie as the 
free vitamm (3) Hence, no estimate of the amount of the mjecterl tuTi- 
tophan bemg convei ted into niacin can bo made 

In the pyiidoxine-deficient lats, mtiavenous injection of tiyptophan 
caused no inclement in the pyiidnie nucleotide content ot the erythrocytes 
The difteience between the noimal and the pyiidoxnie-deficient groups of 
animals 8 houi-s after the injection was 13 b =b lb 2 7 as DPN pei ml of 
eiythiocytes The difteience w'as more than tw ice the sum of the standard 
eiiois and w^as, theiefoie, statistically significant Similai lesults weie ob- 
tamed by Rosen (4) and by Schw^eigeit (3) and then respective cowoikeis 
by the measurement of uiinai-y excietion of N^-methylmcotniamide and ni- 

I Our own data, 6 6 per cent of the body weight determined with Evans blue (T- 
1824) 
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acin after the feeding or injection of trjptophan Handler (17) suggested 
that “this defect in the metabolism of trj-ptophane m pjTido\ine-deficient 
rats may be related to the demonstrated functionuig ot pjTidovine den\ a- 
tives m decarboxylase and transaminase s> stems” as mdicatcd by the m- 
vestigations of Bellamy (18), Gunsalus (19), Umbreit (20), Schlenk and Snell 
(21), Lichstem (22), and their respective con orkers 
However, subcutaneous mjcction of I rag of pjridovine 1 hour pnor to 
the mjection of tryptophan to pyiidoxine-deficient rats gave results smiilar 
to those found in normal animals The highest increase in pjTidme nucleo- 

tide content of the erythrocytes was 28 6 pei cent over the average initial 
level The eiythrocjde volume calculated from the iverage weight and 
the hematocrit at 8 houis after the injection (42 3 per cent) was OO ml 
This w ould give a total maximal increment in the ery thiocy tes ot the whole 
rat of 230 4 y as DPN, oi of 40 0 y as niacm as against the 230 8 y is DPX, 
or 46 2 y as niacin found in the normal rats Vlthough the norm il ind 
the deficient animals differ considerably m their iverige weight and ci-y th- 
locyte volume, the calculated average maxmial increase per rat after the 
injection of tryptophan was almost equivalent in both groups when 1 mg 
of pyndoxine was giwn to the deficient ones These ri-ults suggest that 
the injection of pyndoxine to the deficient rats iirunwliatelj ^e^tore<i their 
ability to conv'crt tryptophan uito niacin dcriv Uivcs 
Anderson (23), Vxelrod (2t, 25), Dinn (20), Kohn (27 28), iiid their 
respective coliabontor> have found that, while lactor V (totnzvanr I) and 
the tissue niacin levels in mu-de, liver, etc, dccrc3.'ed following the di- 
minished intake of nucin in the diet, the coenzyme content m the cry thro 
cytes w,is very little iffectcd bv the lowered int ikc Ihi- u i- tnie witli 
man and \ irious species of animal- dogs, sw me, chicL^, etc In the prt-cni 
investigation, it w u, found tint the pv ndoxinc-defieient rata h id a low (ivn 
dine nucleotide content of the on throcy ta- Therefore, it may not be nni" 
to presume tint the pv ridoxme-deficient nt- -ulTcr even greitcr pn\ itirm 
of the ( oenzymes ind ni iciii dern itives m tlie tiv-uc- ih m niatin-dc lien.nt 
anmi ds The findings of Ro=en cl al (4 ) ot i tontinuc’d low urinarv c xi n - 
tion of X‘-methvlni(otiinniide long liter releciiing pvndoxmt to the di - 
lieicnt immals mav be exphiinble in tint tin niaem dtnv itnc- loni’c,''! 
from tryptoplnn were, to i gn it ixteiif -v ntlu -izid mio iivndii t niu'eu- 
tidcs iiul ilistributcal in the li—uo ind the blood to n -ton uid ii' urn un 
thciriiornnllcvel'.ratherth ui excivtc-d in theunm Hu rqnd^ioi’n ud 
recovery of bodv weight iftir rcUxiling with jnruloxine cm • - cut ^i ■ 
in the nn-si'- of bodv ti--ui' ind would lurtiu r mm i-* tlu -t .r n 
HI icm dcriv It IV IS ind tn ptoiilnn in tlu l.odv I lu -c 1 u tur- link u .. i 

der-t uul ible th u e- long nlhi defuunt itiinnl-. in ,,omng ii t ' ic - 
n -tontion of pv ndoxine to tlu irdu t nu'ch -m dli r uiu uni - 1 ! a r < ' 
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of niaciii die oxcieted (luui by noinuil lalb fed eqiiul (luantilios of tiypto- 
phan 

The piompL ichpoiihes oi iioimal laU to the injection ol tiyptophan and 
the siniilai icspoiibCh b}'’ pyiidoxme-defiticid anitnalb fo tfic combined in- 
jection of pyiidoxine and tiyptophan make it boem unlikely that intestinal 
floia aie coneeined in this conveiMon 

Subcutaneoub injection of 10 mg ol iiiaiin to noimal and pyiidoviiie- 
dcficient rats induced about the same amount of nucleotide bynthedb 1)> 
the eiythiocytes and the excietion of huge quantitiCb of N'-methylnieotin- 
amide in the uiine in both gioups Theie was no significant dilTcicncc in 
the leaction to the injection of mac in m noimal and deficient animals 
Hence, it may be infeiicd that pyiidoxme deiuatncb aie not m\ol\c(l 
in the synthesis of pyiidme nucleolidcs fiom niacin 

The injection of 10 mg of matin lesulted m .i sniallei iiuieinent in the 
pyiidmc nucleotides in the eij'thiotyles, but a giealei uiinai^' excietion 
of N^-methylnicotinamide than was loiintl aftei mfiavenoiis injection of 
50 mg of L-tiyptophan These facts suggest that the injected vitamin was 
quickly removed fiom the blood stieam and excieted m the uimc as the 
methylated pioduct, wheicas the matin deiivatives foimetl m the body 
fiom tiyptophan weie bettei utilized foi synthesis ol cocn/yme and a highci 
peicentagc of it was pieseived in the animal botl} Aiipioximatoly lioiii 
8 to 27 pel cent of the injected iiiacin was iccoveietl fiom the uiinc as 
N^-methylnicotinaniide in the next 18 houis following the injection This 
agiees with the findings of Rosen, IIulT, and Peilzweig (1) Sthweigeit 
and Peaison (3) found that a considciablc poition of niacin was excielcd as 
the flee vitamm Knox and Giossman (29) lepoited that m man about 10 
pel cent of the admmistcied nicotinamide A\as isolatetl lioni the uiine as 0- 
pyiidone 

The uiinaiy excietion of N'-methylnicotinamule attei the injection of 
50 mg of L-tiyptophan did not mciease as much as when 100 mg of dl- 
tryptophan weie fed oially to the lats by Rosen el al (4) Schw eigei t and 
his cow'Oikeis (30) pointed out that tiyptophan is lapidly lemoved fiom 
the blood of both noimal and Be-deficient lats aftei injection and, theie- 
foie, less niacin was foimed than when the same amount of the amino acid 
was fed to the animals 


SUMALiVRY 

1 The changes of total pyiidme nucleotide levels m the eiythiocytes 
aftei intiaVenous injection of 50 mg of L-tiyptophan to normal and pyii- 
doxme-deficient rats showmd that theie was a significant rise in noimal lats 
but no increase w^hen the same injection w as made to pyridoxine-dcficient 
anmials 
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2 Subcutaneous injection of 1 mg of pyndoxme hydrochlonde to p\T- 
idoxine-deficient rats 1 hour pnor to the mjection of trjTitophan mcited 
prompt lesponse and the increment m the pj^ndme nucleotide content of 
the eiythrocytes \\ as the same as in normal rats This mdicates immediate 
lecoiery of the animal’s ability to convert tri^itophan mto niacm dema- 
tiies 

3 The response to mtrav enous trj-ptophan occurred as earh as 4 hours 
and reached its peak from 8 to 10 hours after the mjection, suggestmg 
that bactenal synthesis m the mtestme is not concerned m this com ersion 

i In contrast to the results after trj'ptophan injection, normal and 
pyndovme-deficient rats showed no significant difference m pyndme 
nucleotide synthesis by the erjThiocytcs after injection of macm Hence, 
it ma}’’ be deduced that pyndoKme dematnes aic not involved in the 
synthesis of pyndme nucleotide from macm 

Thanks are due to Di P & Saima, Di R E OIsou, Dr A Lapi, and 
Di Jane Worcester for helpful suggestions concerning tlus research We 
are indebted to Merck and Companj, Int , Rahwaj, New Jeiscj, the 
Com Industnes Research Foundation, Xevv York, Sheffield Farms Com- 
pany, Inc , New Yoik, and the Research and Development Department, 
Ctoneral Foods Corporation, Hoboken, New Jersev , for generously furnish- 
ing various supplies used m the«c studies 
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THE DECARBOXYLATION OF l-PHENYLALANINE BY 
STREPTOCOCCUS F.AECALIS R* 

BtR W ]McGILVERyf axd PHILIP P COHEN 
(From the Laboratory of Physiological Chemistry, Unnernity of Wisconsin, Madison) 

(Received for publication April 5, 194S) 

Gale (1) and Epps (2) hai e reported the properties of an enzry-me obtained 
from various strains of Slreplococcus faecalts which decarboxjdates tjnosme 
and dihydroxyphenylalarune Both of these authors reported that the 
enzyme preparations, whether made by washmg the whole organism, b}-- 
drying the cells with acetone, or bj' furtfaei purification procedures, were 
specific to the above two ammo acids 
In the course of studies m which we were employmg an acetone powder 
of Slreplococcus faecalts R as a reagent for the estimation of tyrosme m the 
presence of other ammo acids, we noticed that under certam conditions the 
medium apparently contamed more tyrosme than the amount origmaUj 
added Upon mvestigation, this proi ed to be due to a concomitant decar- 
bovylation of phenylalanme by the decarboxylase preparation 
The cultuie of the orgarusm and the preparation of the acetone powder 
have been previously described (2) We employed a medium contammg 
30 gm of casein acid hydrolj'sate (Stearns, ammo acids 20 per cent solution), 
10 gm of glucose, and 5 gm of dried yeast extract (Difco) per liter, sufla- 
cient dipotassium phosphate bemg added to bring the pH up to 6 0 The 
organism was groivn at 37° foi 10 hours 
All measurements were made wath the Wirburg apparatus at 3S° wath 
nitrogen as the gas phase, the acetone powder being added from the side 
arm as a suspension in 0 3 u citrate buffei, jiH 5 4 The mam compart- 
ment contained the substrates m the same buffer The L-pben\ lalanme 
emploj ed ga\ c no color wath the million’s test for n rosinc 
Fig 1 illustrates the decarbowlation of 10 nucromoles of i -pheu\ lalanme 
by 50 mg of the acetone powder The reaction is 9S per cent completed 
in 0 hours under these conditions In similar experiments 60 mg of the 
enzjmio preparition caused 100 per cent decarboxwlation of the ammo acid 
in the same time 

We could demonstrate no effect of the presence ot L-pheni lalanme on the 
decarboxal ition of L-tjirosme bi the preparation (Tig 2), cien though 40 
micromoles of L-phen>IaIininc were added is compared to 5 micromoles 

* tided in part b\ a grant from the Wisconsin Alumni Research Foundation 
t National Institute of Health Senior Research Fello v 
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of tyi0‘5ine The low activity with iiluMiyliiliuiiiio, appioxuiiately 0 01 
that obtained with tyiO'5ine, coupled with the inability to ‘■atuiatc the 
enzyme wnth tyio^nie because of the lattei’s insolubility, makes itdifTicult 
to show whethei the two leac lions aie additive 

Since oui puipose wms not to attempt to embellish the e\( client kinetii 
studies of Gale and Epps, but lathei to point out a souk e of eiioi m employ- 
ing the enzyme piepaiation m the specific anal\ sh ol tyiosine, we have not 
puisued the puiitication fuithei, and (annot s.iy uhethei t\iosinc dccai- 



Fig 1 Deem boxylatioii of i -phenylalanine Tlu main eomp irtmont tout lined 
16 micromoles of L-phenylalanme in 2 5 ml of 0 3 m citrate buffoi at pit 5 4 50 mg 

of acetone po\i der suspended in 0 5 ml of citi ite buffei w ere ulded from the side arm 
at zero time, incubated at 38° with nitrogen is the gas phase 

boxylase also decaiboxylates phenylalanine, oi whethei a second decai- 
bovylase is piesent in the acetone pow dei In an e\pei iment in w Inch 50 mg 
of the acetone pow^dei pioduced 218 micioliteis ot CO. m 1 hoiu fiom 
L-phenylalanme, no decaiboxylation of L-alanine, L-tiyptophan, oi L-proline 
could be demonstiated 

In Older to identify the end-pioduct of the leaction, 1 0 gm of DL-phenyl- 
alanine and 2 0 gm of acetone powclei weie incubated with 500 ml ol 0 3 
M citiate, pH 5 4, at 38° foi 7 horns The mixtuie was made alkaline by 
the addition of 50 ml of 50 pei cent NaOH, and e\ti acted with thiee 250 
ml poitions of ethyl ethei The ethoi w'as sepaiated, washed with 100 ml 
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of ^\ater, and diied 3 daj s o\ er anhydrous sodium sulfate The ether was 
removed and the «alt cashed mth anhydrous ether The combmed extract 
and vashings were evaporated in lacuo, peldmg a viscous brown oil, 
weighing 207 mg The oil was treated with excess benzoyl chloride in 
alkali m the usual minnei, and the <-olid which separated was filtered off 



lir 2 Decarboxj lation of ctjrosine lu the presence of l phenj lalanine O, 
the mam compartment contained 5 micromoles of l t\ rosinc in i 0 ml of 0 3 m citrate 
buffer, pll ot •, the mini compartment contained 5 micromoles of tjrosine and 
-10 micromoles of c pheiij lalanine in 3 0 ml of the citrate buffer 5 mt, of acetone 
powder suspended in 0 5 ml of citrate buffer were added from the 'ide arm at zero 
time, incubited at 3S°with nitrogen as the gas phase 

111(1 w ished with alkali and with water It was retrtatallized from an 
ilcohol-watci mixture. Melding 195 nig ol white erjstals, melting at 
114-115° The benzojl dernatiie w is Indrohzcd in boiling 2 x X lOH, 
the hydroh -vite extracted w ith ether, and the ether rcnioted bj distillation 
The result int oil was then treated with excess benzene sulfonji chloride, 
the insoluble sodium salt precipitating Ihe reaction nicxture was made 
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acid, and extracted with ethei The ethoi was ca apointcd, and the le&iilt- 
ant oil leciystallized twice from alcohoI-^s.l(cl niixluict,, the mitial impme 
yellow ciop of crystals (m p 60-63'') being di'jcaulcd Tiic once icciystal- 
lized second ciop of tianspaieut loadelb melted at 61 5-G5 5'', which was 
raised to 66-66 5° upon the second icciystalhzation The t\\ o pioducts are 
evidently N-(/3-phenylethyl)benzamKlc and N-(/3-phenylethyl)benzene- 
sulfonamide, respectively 


SUMM VU'l 

The decaiboxylation of L-phenylalanme bj an ai ctonc powdei of Sluplo- 
coccus faecalis R is lepoi ted 
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THE UTILIZATION OF VITAIMIX A IX V.IRIOUS C.URRIERS 

GEORGE R H\LPERX 
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(Received for public ilion, M^rch 1, 194S; 

At present, the ^itanun A content of oils is aluateel by spectrophoto- 
metne methods To asceitain A\hethei the \itamm oil has been oxidized 
to any extent, the extinction coefRcient is determined it 300 nip on the 
slope of the xitamin A absoiption cune as well as at the absorption maxi- 
mum at 328 mp The latio of these two ^alues, 300 328 mp (1), 
is taken as an mdex of the oil quahtj , 0 73 being general!} accepted as the 
maximum latio which a good oil mac ha\c (2, 3) Halpern (4) found that 
the increase of the ratio 300 328 mp is due to the formation of a 
new maximum at about 280 mp wlucli steadily increases duiing the oxida- 
tion of vitamin \ oils Ihe latio El^n, 280 328 mp is moie indicati\c of 
oxidative changes in \ itamiii A oils than is the latio E}^ 300 328 mp 

Fndericia (5) found in 1924 that lard heated in thin la} cm and then, 
along with buttei fat, fed to lats would destro} the \itamm A in the butter 
fat Later, this obsercation was confirmed by man} in\ cstigators Lease 
cl al (6) used the hver storage techmque in lats to determine the action of 
lancid fats upon the action of catamm V The} found that when the 
peioxide number of lard was increased to 4 less titamin A was stored, and 
at \alues of 11 or 30 onl} smill amounts were retamed m the luer In 
general, the destructive action increased w ith the peroxide number D}mc 
cl al (7) obtamed similar results Ihe} attnbuted the destructne action 
of lancid fats not onl} to pei oxides but also to other decomposition products 
of fats 

The state of chspersion in which Mtamiii is fed ilso ilTccts its utiliz i- 
tion Halpern and Biel} (8) found that iitamin V is better utilized m 
chicks when fed is a w itei emulsion than in a \egc table oil c irrier Like- 
wise Sobel ct af (8) mule the ^anie obscication with rits m tests on Mt i- 
rain \. storage in li\ er V similar finding w as reported on feeding carotene 
to rats (9) 

Ihe present stud} was c iriical out to laccstigite tlie inlliii iici, ol li}dro- 
pcroxiilcs iiid ot the spcctrophotoiiietric extinction ntios oi \itainin V oils 
upon the iitiliz ition of \ it imin t in thicks \ U umn V oiL w itli different 

SIT 
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spectiophotomcliic extinction Kitio'5 Mcie m\ cstigatccl They ^\eie dis- 
solved m vaiioub vegetable oih with \aiions iieioxide mnnbeis aiidulso 
dispeised m watei to lonn emulMons 'I’uo seiiei of Inological expciiments 
v\eie caiiicd out, one with New llaiupshne pullet chuks, the othci with 
wdiite Leghorn eockeiel thuks 

1 xeuuiMLM \I/ 

Piepaialwn of Vilamin A OiL— Giayhdi In ei oils, of about 8000 to 10,000 
units of vitamin A pei gni weie selected foi the expeiniients Fne dilTei- 
ent oils weie used dining iSeiics 1 and 2 ol leednig expeinnents Then 


I \in I 1 

Phiisictnhiiiiiud Cliuiiulinsliis of Lim Oil', 


1 

1 

1 

Oill 

Oil 2 

i OilJ 

1 

1 «>' ‘ i 

Oila 

VitammAcstimatLall28ni;ioii« IioIl oil, i<m/i j 

1 HUiO 

j 9Ut)0 

1 

i i 

10 115 

Ratio 200 32S him 

1 

0 120 

0 7 3S 

1 

, 0 32S 

j 0 ?s? ! 

0 5?? 

“ “ 280 328 “ 

0 120 

0 807 

0 122 


0 613 

“ “ 300 328 “ 

0 b'K) 

0 88? 

0 (><ll 

1 0 600 

0 770 

“ “ 350 328 ‘ 

0 571 

0 56") 

0 570 

1 0 578 j 

0 570 

Vilamm A calimalt at 325 him on unsaponi 
liable fraction, umh 

1 

8130 

S271 

*3 !1) 

1 7'JaS 

’JiW 

Ratio 260 325 him 

0 216 

0 3 30 

0 2 30 

0 265 1 

0 262 

“ “ 280 325 “ 1 

0 317 j 

1 0 116 

, 0 358 

1 0 362 i 

0 367 

“ “ 300 325 “ j 

0 656 j 

1 0 728 1 

1 0 650 

0 G8l i 

0 671 

350 325 

1 

0 166 j 

0 178 i 

I 0 480 

' 0 108 1 

0 193 

Peroxide value 

0 0 

16 7 

1 0 8 

Iso j 

27 5 

Free fatty acid, % 

0 23 

0 67 

0 30 

0 60 I 

0 02 


physicochemical chaiacteiistics aie listed in Table I Ot the oils used foi 
the fiist expeiiment. Oil 1 was fieshly piepaied iiom selected fiesh hvei-s, 
and Oil 2 w as blended fiom tw o giayfish hvei oils w Inch had undeigone con- 
sideiable oxidation dining long stoiage Oils 3, 4, and o w eie used in Senes 
2 of feeding expeiinients Oil 3 was the fieshly piepaied giaj-^hsh hvei oil 
used m Senes 1 Dunng the 5 months betw een the expenments it w as kept 
deaei ated and stabilized at — 25° The specti ophotometi ic chaiactei istics of 
this oil did not change signihcantly dunng tins penod Giayhsh hvei Oils 
4 and 5 weie piepaied fiom commeicial oils by bubbling an at about 85° 
until the desiied pei oxide values weie leached A compaiatively high 
pel oxide value can be obtained by this method without affecting the spec- 
ti ophotometi 1 C values As contiol oil, lefeience cod hvei oil was used in 
Senes 2 
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Before blending, all oils weie deaerated m a ■vacuum, saturated vvith car- 
bon dio'ude, stabdized a\ ith. 0 05 per cent mixed tocopherols, and stored 
undei nitiogen Oils 1 and 2 contained m addition 0 1 per cent soj' bean 
lecithm 

The spectiophotometnc determmations weie earned out cMth a Beck- 
man spectrophotometei The anal3 ses on the unsapomfiable fraction \\ ere 
made bj^ using essentiallj’’ the method of Oser et al (1) The isopropanol 
used in the piocedure u as punfied b\' refluxmg \\ ith XaOH and zme dust, 
and as subsequentlj’’ distilled The lodometnc cletermmations of peroxide 
values were made accoiding to the method of Lea (10) 

\itamm A estimates earned out on the unsapomfiable fraction weie 
used m piepaimg the blends In this wav the absolution of the saponi- 
fiable poition and of a part of the o'adizcd vitamin V was eliminated (4) 
Moieov ei , it w as found b3' Ilaipcm (4) that the absoiption of the tmsaponi- 
hahle fiaction apait fiom vitamin V lemains faiilv constant dunng 
oxidation of v itamm A oils of high potenc3 i he potcnc3 estimates of 
flesh gia3'fish hv cr oils w eic appioxmiatcl3 equal on the w hole oil and on the 
unsapomfiable fiaction llie diffeicncc, howevei, mi reuses with oxidized 
oils because of mciea^cd absoiption of the saponifiable frai tion 
The potcnc3 of gia3 fish liv ci Oil I was found to be highci on the uiisapotu- 
fi ible fiaction than on the whole oil The anibscs were repeated three 
times mduphcate,alwa3s with thesameiesult It must be assumed, there- 
fore, that this paiticulai gravfish hvei oil coiit lined subst inccs which 
shghtb' depressed the absorption at 328 mu on the whole oil The dif- 
ference did not appear m Oil 3, piobabh because of i sliglit mcreasc m cx- 
tianeous absorption at 328 mji on the whole oil during stonge tt —25° 
Prcparalwii of Vegetable ()iU—\n .Series 1 of feeding experiments fresh 
and oxidized sunflower seed oils weie used (fable II) Ihc fresh oil wa^ 
i commercial product with a peroxide v due of 2 75, the oxidized oil was 
an old oil w ith a peroxide v alue of 9 0, and for the purpose of the expenment 
it was furthei oxidized b3 bubbling iir at 90° until i peroxide value oi 17 9 
was reached In benes 2 thiee different cottonseed oils were Uscxl The 
fresh oil w is vei^ carefullv -elected, but it w i-. not po-sible to obt un an oil 
fiec from peioxidcs Oil 3 w is i fre-hK refined lottoiisced oil Cotton- 
seed Oils 4 iiid 5 weie lommeicial oils oxicIizchI bv bulibling air at 90° 
Ml vegetable oils were st ibilizetl with 0 05 pci iciit oi 1111X1x1 tocopherol-, 
deaerated m i vacuum, satunted with C O., mil stoicil mukr nitrogen 
Preparation of Blcndi > — llic oils were blcndeii under in inert gas to the 
desired potencies Thew iter emulsions tor t'cric- 1 were prepare-d without 
1113 fittv emulsifvnng igeiit V. I percent -olutioii oi methoed (400 ecati- 
poisc-Dow mctlul cellulose, ph imi iceiitic il gride 1 w i- u-ed Ihc nictho- 
cel solution w isdcuritcxl uul s ituritcHi w ith i irbon dioxu'e, 0 05 per tent 
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of gallic acid was added as antioxidant, and the solution was blended with 
the calculated amount of giayfish livei oil m a Wuung blendoi under an 
inei 6 gas The emulsions i\ eic faiily stable u hen kept m a cool place 


Tauli II 

Peroxide Valucti and Po Cent I'rec Patty icid of Veyctablo Oils 


Oil No 

Oil i 

i 

I'ctoxllic 

value 

Free fatty 
acid 

I 

1 1 
1 i 

Sunflowei seed od, commercial product 

2 73 

per ctnl 

0 3 

2 

“ " " old, oxidized 

17 DO 

0 5 

3 

Cottonseed oil, freshly refined 

2 00 

0 1 

4 i 

“ “ commercial, oxidized 

0 10 

0 G 

5 

it tt (t tt 

15 00 

0 I 


Tvujl III 


Rchults oj Senes / of Feeding Expemnuits 




! 1 


Growth of chicts 


■ 

Group No 

every 
2nd day 

Description j 

1 

37 (Ja^s 

1 

1 

1 1 (la> 3 

al day 3 

Average 
of Groups 
a and b, 
SI day 3 

H 

la 

I umts per 
cc 

50 

j 

i 

1 

Vitamin Oil 1 

320 0 

gnt 

3S3 9 

Sfit 

100 1 

gin 

171 7 

1 

lb 

150 1 

In vegetable Oil 1 

40S 6 

507 1 

nl9 3 

1 

2a 

50 1 

Vitamin Oil 1 

281 3 

311 8 j 

1 

336 0 


7 

2b ; 

150 J 

la vegetable Oil 2 

372 7 : 

458 7 

491 0 

m 5 

1 

3a 

50 1 

Vitamin Oil 2 

289 G 

327 1 

349 5 


3 

3b 

150 

In vegetable Oil 1 

377 0 

461 G 

495 9 

422 7 

0 

4a 

SO 

Vitamin Oil 2 

297 2 

365 3 

366 3 

116 1 

' 

6 

4b 

150 

In vegetable Oil 2 

365 0 J 

149 2 

1 

466 6 

1 

2 

5a 

50 

Vitamin Oil 1 

1 

378 4 

448 9 

! 467 6 

1 

541 8 

0 

5b 

150 

In aatei emulsion 

151 0 

578 5 

616 1 

0 

1 

6a 

50 

Vitamin Oil 2 

325 9 

400 3 

' 416 9 

1 

496 1 

! 0 

6b 

150 

In watei emulsion 

407 5 

534 6 

575 4 

0 

Control 

0 

No vitamin A 


UI dead 
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In oidei to miprove the stability of the emulsions employed m Seiies 2, 
Demal 14 (Emulsol Corporation) was used m addition to methyl cellulose 
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Table IV' 


Results of Senes 2 of Feeding Expenmenls 



Fed 1 cc. 
every 3rd 
day 


Growth of chicks 


Group No 

DesenpUon 

j 

35da>s 


Averase of 
Groups a , 
andb 42 

Total 

mortality 






days 



units per 
cc 



ta 

Xcj 


la 

75 

Reference cod liver oil 

326 3 

400 7 

450 6 

0 

lb 

225 

In vegetable Oil 3 

388 2 

500 5 

0 

2a 

75 

Vitamin Oil 3 

347 5 

i 

428 1 j 

458 7 

0 

2b 

225 

In vegetable Oil 3 

374 6 

489 2 

0 

3a 

75 

Vitamm Od 4 

332 1 

396 5 

441 0 

0 

3b 

225 

In vegetable Od 3 

370 5 

485 5 

0 

4a 

75 

Vitamm Od 5 

335 7 

396 1 

441 3 

j 

1 

4b 

225 

In vegetable Od 3 

373 9 

486 5 

1 

5a 

75 

Vitamin Od 3 

371 4 

465 5 

i 4SS 9 

1 

0 

5b 

225 

In emulsion 

378 4 1 

; 512 3 

0 

6a 

75 

Vitamin Od 4 

374 5 

475 9 

1 

1 494 1 

1 

i 1 

6b 

i 225 

j 

In emulsion 

374 9 ' 

512 3 

1 

i ° 

7a 

75 

Vitamin Od 5 

368 0 

471 2 

493 7 

0 

7b 

225 

In emulsion 

391 2 

516 1 

1 0 

1 

Sa 

75 

V itaimu Od 3 

337 9 

1 427 9 , 

' 456 5 

1 

1 

' 0 

8b 

225 

In vegetable Od 4 

1 367 6 

1 485 0 

0 

9a 

75 

V itamin Od 3 

349 7 

425 1 

450 8 

0 

9b 

225 

In legetable Od 5 

359 5 

, 476 4 

0 

10a 

75 

V itamin Od 5 

338 0 1 

1 432 3 

451 4 1 

1 

1 

10b 

225 

In vegetable Oil 4 | 

1 352 6 ! 

1 470 4 

0 

11a 

75 

V itamin Oil 5 

320 G 

398 3 

i 

1 

3 

11b 

225 

In \egetable Od 5 

355 6 

' 451 3 

1 

0 

12a 

0 

Xo \ Itamin V 

257 9 

1 Vll dead 


16 

12b 

0 

(( 1 

1 241 0 

25S 3 


12 


Pre\^ously it w as found that Denial 14 does not change the stabihtj of graj - 
fish h% er oils tow ard oxidation ilixed tocopherols w ere added to all emul- 
sions so that the total tocopherol content per cc w as equal to the tocopherol 
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content pel cc ol the \ i( unin solutions in oil In this ^\ay possible vaiia- 
tionb of biological ai livily ilue to the ai tioiv ol tocojiliciols ^\Clo eliminated 
( 11 , 12 ) 

ChicL Teslt , — Two senes of biologii al tesU w ith giow ing i links weic ear- 
ned out at an inteival ol o montlis 

In Senes 1 New Ilanipshue il i\-ol(l pullet i hii ks weie ilejiletcd on a vi- 


rvitii \ 

(if 1 luiiiiiir uf I mill oj Cliiiki, Suit-, I 


1 

1 

Vination “sourcL 1 

Sum of siiuartc 

1 DtKm-* of * 

. frtuintn 

1 1 

Mean siiii ire 

I Minimum ii„nilicant 

! ilitfcrcncc 

Slur nut 1 I percent 

1 

Total , 

1 sOS S7.S 

111 

11,11S 


1 

Levels 

bis, Obi 

1 

bis (,S2‘ 

21 

' n 

Tieatmciits j 

2bo tSb 

1 ■> , 

■>L077' 


j 51 

Intciactions 

5S,7o2 

1 5 ‘ 

11 75()t 

1 5S 

1 

1 

Li roi j 

5bG,0oS 

1 ‘‘-’0 1 

1,717 

1 

I 

1 

1 

* Ilighh bigiufic uU 






t Sigiufa uit 







1 

Mil 1 \ [ 

- 



[nahisis of 

1 (U Utll(( of 1 

mil/ 11 ( tiihl 

s oj Chll 1 C 

iSn K s 2 



1 

1 


Minimum 

Mcnilicaiil 

\ ariation source 

bum of <tquarc5. 

ol 

freedom j 

Me in s> 4 u ire 

(lilTcrence 





■> per cent 

1 1 jicr cent 

Total 1 

! 1 «S 92‘J 

' 127 

1 210 



Levels 1 

, 107 475 

1 1 

^07, 175* 

12 

lb 

Tieatmciits 

1)4 251 

10 

15 125* 

2s 

It, 

Interactions ! 

1 57,bb4 

10 

5 7bb 

1 


Eiroi 

S99 530 

1 ' 

i , 

2,940 


1 

1 


* Ilighl}' bignificant 


tamin A-deficient diet foi 7 days and lliendistnbuted into nine lotsot hfteen 
chicks The aveiage weights of the lots weie ajDpioximately equal 

The chicks Aveie leaied m Jamesway batteij’- bioodeis until the}'- leached 
5 w'eeks of age and weie then tiansfened to holding batteiy bioodeis 
Thioiighout the expenment the chicks had fiee access to the vitamin A- 
deficient diet and watei The chicks weie fed the vitamin A piepaiatious 
eveiy othei day by mouth with pipettes cahbiated to deln^ei 1 cc To 
equalize the fat intake m all lots, the chicks that w'eie fed Aiatei emulsions 
of vitamm A leceived also 1 cc of sunflow'ei seed oil on days w'hen they 
w'eie not fed vitamin A 
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Senes 2 w as earned out w ith i\ lute Leghorn daj -old cockerel clucks undei 
conditions similai to those of Senes 1 The chicks ueie depleted on a \i- 
tamin A-deficient diet and standaidized as to -weight at 1-i da3s of age 
Fifteen chicks ueie placed in eich lot and fed the vitamin A piepaiations 
bj' mouth uith pipette e\eiy 3rd da\ As in Senes 1 the fat mtake of 
the clucks leceiving the -natei emulsions was equalized feeding 1 cc of 
flesh cottonseed oil This expenment was discontinued 1 week earlici 
than planned owing to the fact that seceial lots of clucks becime infected 
with coccidiosis iiftei being tiansferred to the holding battenes 

The chicks in both expenments weie weighed at weeklj mteicals and i 
lecoid was kept of symptoms of disease and mortaht} ^loitahtc , except 
in a few lots fed oxndized oils, w as piacticallj'^ ml (Tables III and I^^) 

In both expenments the chicks iecei\ ed the eriun alent of 25 and 75 units 
of vitamin A daily Ihese le\ els of -vitamin A weie chosen beciusepie\ loiis 
expenence (13) showed that at these lecels chicks would show sigmhcant 
diffeiences in weight as well as low mortalitj Some of the clucks m the 
contiol lots lived to 6 w eeks of age, e\ en though thej show ed such ad\ anced 
symptoms of vitamin A deficiencj as staggenng gait, niffled featheis, swol- 
len ejes, and slight beak neciosis The aveiage weights of cluclvs in Senes 
1 and 2 togethei with othei pertment data aie summaiized in lables III 
uid IV The final weights were anahzed stitisticalh and the essential 
data aie gu en in T ibles ^ and '\ I 

DISCCSSIOX 

Gi ai/Jiih Liver Oih — Fiom the data piescnted in 1 ablcs I, III, and I\', it is 
ipparcnt that the biological value of the giaj'fish In ei oils depended mamlj 
on the spectrophotometne cbaractenstics of the oils \. ciitical examina- 
tion of the extinction latios shows that Oil 2 wastheonlv one with in 
280 325 lUM 1 itio of ovei 0 4 foi the um ipoiiifiablc fi ution Onlj tin- 
giaj'hsh hvei oil pioduccd i con'^ideiablv dcpiessed giowth m veget iblc oil 
as well IS m emulsion The latio of 0 4 foi E 280 325 m^ chuactci- 
izes i highlj" oxichzed giaj’-fish liver oil (4) ind posSiblj rcprc'cnts the limit 
at w Inch the vit imin A of graj fish liv oi oil can be fullv utilized bj the c hic k 
Ihc extinction ratios taken it 300 m/i showed on ill oil -amples i simil ir 
tiend to the i itios at 280 m>i Foi Oil 2 the 300 325 m;x ritio oi 
0 728 was, howevei, a bolder line v due (o) and did not indicate -o cic irlv 
as the 280 m/i latio the decieised biologic il ictioii of the oil 

Ihc whole oil ratios it 280 and 300 m;j both showed the s.imc ticiid but 
did not ippe ir to be so indicativ e of the (iualit3 of the gnv fish In er oils as 
were the i itios taken on the uii-aponifi ible friction For eximple. Oil 5 
hid ibnoniiall3’ high i itios on the whole oil but produccal i growth nie 
CHIU il to th it obt lined w itli fie-Ii Oil 3 
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The lole of the hydiopci oxides lu the guij(i&li hyei oils was found to be 
uibigmhcant Consideung the extent to which tlic giajhbh luei oils were 
diluted foi the leeding cxpciiments, this could iiithci ho expected The 
giayfibh livei oils dibsolvcd m fiesh xegetahle oil and in watei cmul&iou 
bhow^ed biological values w’lucli wcic independent ot then hydiopeioxidc 
content It can be ‘•cen fioin Tables I and IV that gia>fisli livei Oils 1 and 
5 with peioxide values ol S 0 and 27 3 lespoctixely did not piodui e signifi- 
cantly difteient giowdli horn ficsli giajdish livei Oil d w i(h a peioxide value 
of 0 8 Giayfish livci Oil 2, howevei, with a peioxide value of 10 7 in 
Seiies 1, pioduced a bignifieantly lowei giowth lespoine than ficsli Oil 1 
when fed in vegetable oil as well as when fed m cinulsion In explanation 
of the cippaient discicpanties in the activity ol giaylish hvei Oil 2 in the 
Senes 1 and giayfish hvei Oils 1 and 3 in Senes 2, ifc w ill be noted that giaj- 
fish hvei Oil 2 had coiisideiably highei latios on both the whole oil and the 
unsaponifiable fi action than any of the othci giayfish hvei nils including 
Oil 5, which had a substantially liighei peioxide value 

Vegetable Came) Oils — The amount of hydiopei oxides led thiougli the 
medium of the vegetable caiiiei oils was natuially much laigei than that 
fiom the grayfish hvei oils A moic pionouiiccd peioxide action w'ould 
theiefoie be expected m the gioups in which oxidi/.ed vegetable oils were 
fed as camel s 

In Gioup 2 of Senes 1 (Table III), an old sunflowei seed oil oxidizedby 
piolonged stoiage and showing a peioxide value of 17 9 was used as a car- 
nei foi the fiesh giayfish hvei Oil 1 Its effect w as to deeiease sigmficantl) 
the biological action of the vitamin A In Gioiip 1 of Senes i the same 
oxidized sunflowei seed Oil 2 was fed as a caniei ioi oxidized giajfish hvei 
Oil 2 The giovvth late of the chicks did not deeiease fiiithei It can 
theiefoie be concluded that no cumulative action lesulted fiom combuung 
the oxidized vegetable oil with the oxidized giayfish livei oil, each of which 
oils alone decreased the biological action of vitamin A 

In the expeiunents of Senes 2 vegetable Oils 4 and 5 weie oxidized by 
bubbling ail to peioxide values ot 9 1 and 45 0 lespectively These 
two oils vveie compaied to fieblily lefined v'-egetable Oil 3, which had a 
peioxide value of 2 0 It can be seen in Table IV, Gioiips 8, 9, and 
10, that the oxidized oils did not depiess the biological action of the 
giayfish livei oil Only the giowth late of chicks m Gioup 11, ni 
which both the giayfish hvei oil and the vegetable oil vveie oxidized to high 
peioxide values, was shghtly lovvei The diffeience, hovv'^evei, wms not 
statistically significant This confii-ms the lesults obtained in Senes 1 on 
the non-cumulative effect on vitamin A utilization of oxidized vegetable oil 
and oxidized giayfish hvei oil when fed togethei 

It appeals fiom the lesults of both senes of expenments that the hydio- 
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peroMcles aloue did not inlubit the action ol Mtainin A m clucks, but that 
othei substances cceie lesponsible foi the decreased gioccth pioduced In 
\ egetable Oil 2 Tliese substances aie piobably decompo^ItIon pioduc ts ol 
the hj'dropei oxides 

It can be concluded fiom these results that the chick is moie lesistant 
toR ard the action of hydroperoxides than is the rat As mentioned aboc e, 
the destiuctn e action of pei oxides upon ^^tamln A has been established foi 
the lat, the late of destiaiction ^ ar 3 nng nith the pei oxide ^ alue (6) Fur- 
thermore, Smith (14) and Simmons el al (15) found that peioxides also 
destioj^ vitamin A in viho, the late of destiaiction being again proportional 
to the peroxide \alue The leaction late in vilro is, hone\er, much slonei 
than in vivo nheie piooxidants act as catal 3 ’-sts 

Emulsions — In both feeding senes, the antamin A oils m emulsion shoved 
significant!}’’ higher biological a alues than the same oils dissoh ed in fresh 
vegetable oil In some of the treatments the differences in the rate of 
giowth V ere statistically highlj’ significant 

Both the fresh and the oxadized vitamm oils had significant!}’ higher 
biological values when fed m emulsion It appears that the impro%ed ac- 
tion of vitamm A in water emulsion was not affected b\ the quahty of the 
vitamin oil per se, but that the \ itamin A w as onlj bettei utihzed It w as 
interesting to note that o'xidizcd graj'fish hver Oil 2 (Table III) in emulsion 
gave better giowtli lesponse than fresh graj’fish Iner Oil 1 dissoh ed in 
fresh 1 egetable oil The difference was not statistical!} significant, but 
it can be seen that even the highly oxidized vitamm Oil 2 in emulsion had 
at least the same value as fresh ntamin Oil 1 dissoh ed m fresh vegetable 
oil 

The bettei utihzatiou of vitamm A m emulsion can be explained by the 
large suiface between the oil and water phases The 1 ugc interfacial area 
provides foi the lapid action of ester-splitting enz}Tncs md, therefore, an 
acceleiatcd foimition and transfer of the vitunin V alcohol (lb) b} the 
l}Tnphatic loute from the dangei zone m the mtestm d lumen (17) Ihe 
rate of destiuction foi v itamin A in i no can be v er} r ipid Apart from the 
iction of hpoxidase-s lit s} stems, which could be responsible for the non- 
economic utilization of vitamm A, mtestmal juice could be destructive ol 
vitamin A, as w as found for s^iln a, gastnc juice (IS), ind bile (19) 

>UiaLin\ 

Giavfish luei oils hiving different spectruphotometne ratiO' iiid ihl- 
fcreiit peroxide v due' were dissoh ed (1) in veget iblc oils ol cliffcrcni perox- 
ide V allies and (2) made into water emulsions 1 he \ il uiiin V prepar tfoii' 
were fcal b} month with pipette to chicks at the suboptiinal rite of 21 and 
75 milts per da} 
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The icsi)i)n^u ot llu ihitKs to the \.uioUb piepaiLilionb ^\ab 

btuclicd, and the lollowiiifj; conelusioiib ir.uhcd (1) d’lio spcctioplioto- 
metue o\iiiu tioii uUios 280 {2.") ni;u and .iOO 82o inn '"oie useful 
111 cialuatms the liioloffical actum ot the ffui 3 '(i‘'h Inei oiN 'Tlie latio 
taken at 280 m^i iias found to be inou* indicatue ot (piality than tlie latio 
at 300 m/i (2) IhahopeioMdob up to .i pei oxide value ot 15 0 did not m- 
lubit the action of votamiii A in < hu ks Appaientl^ othci ( onipouiids than 
pel oxides piescnt in oxidized oils dec le.i-'ed llu* bioloHK al ai tion of vitamin 
A Fuithcimoie, tlieie was no (uniulatui inlubitiii}:: etfcct when an 
oxidized giaytish hv'ci oil \\ is ted in conjunction with an oxidized vegetable 
oil (3) When fed mail}', by pipette, vitamin V oils, whethei ficah oi oxi 
dized, had a gieatei biological v'due in w itci emulsion than in vegetable oil 
solution 

The authois aie gicath indebted to Di \ (' Bunk and Mis B .Maidi 
foi aid in the statistical andvacs ot the data, to Mi S Yip and Mi 0 
New mai ch f 01 technical assist am e, and to Biol Cbsoi 10 blo^'d and Mi 
II Beaidfoi then valuable suggestions m the pi epai.it um ot the miimisciipt 
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It bus been recognized m lecent years that, at ele\ated temperature or in 
acid or alkaline solution, formaldehj'de can add as methj lol groups to the 
amide (1, 2), guanidjl (3-8), and indole groups (9) of proteins In con- 
tiast, the addition product of formaldehjde with armno groups forms m- 
stantaneoudy even at neutraht 3 and low temperatures, but this is an 
eciuihbnum reaction and the mcthj'Iol compound can be decomposed b\ 
dilution or diah sis of the reaction mixture (10) The loss of amino mtrogen 
observed in pioteins tint had been allowed to react wath formaldeh}de for 
several daj^s and then isolated b-c diah^is (10-12, 7) thus reqmrcd further 
explanation 

One mechamsm has recentlv been proposed (13) .\jninometh 3 'lol 
groups weie found to condense wath amide or guamd 3 l groups at room tem- 
peiature and o\ er the range of pH 3 to 8 to form comparatu el 3 stable com- 
pounds, whereas under the same conditions neither amines, amides, nor 
guanidc 1 compounds separately bound formaldeh 3 de in a stable manner 

In the piesent paper it wall be shown that similar cross-hnking can also 
occur between aminometh 3 dol groups and phenol, imidazole, or indole 

groups I he reactions imohing ammo groups, formaldeh 3 de, and the 

\ 

rcictue CH groups on the phenol or imidazole nngs are t 3 'pical of the 

^f innicli iciction (14), which, ilthough wideh studied and ic-cd, has ap- 
piientl 3 not ^ct been considered in connection with protcin-fumialdelnde 
leulioiis* Ecidence his now been obtained that these reactioas occur 
with piotciiis iiiulei conditions of pll ind temperature which irc lu-cd for 
t inning iiid for the jnepii ition of toxoids ind \accmc-' 

>Xl*I:.lUilfc.M \L 

Hie leictioii conditions lie inchc ited in the labh' I lo \ II ilic rc- 
iclion mixtines compri-ing onh 'mill molccul ir weight coinpouiuLs were 

* Burt lu of Vtritultur il unil liuluatnul Chtmibtr3, Vgricultunl I't-iarch td 
mmihtritiuii, Lnitcil States Dtpartment of VgntulturL 

‘ Liiliki the usuil Mannich rtiction (lit, howeter, the pascnl t\ptriu tiUa wtre 
Ktuerill\ cirricil out with a great e\ce'a oi formahich\de m dilute uiuious solution 
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subjected to unulyscs aflei suitable dilution The pi I of all icattion ini\- 
tiues was mcasuicd, aftoi dilution, by means ot the ghi'-s electiodc Pio- 
teins, aftei icaction with loimaldclode, weie isohited bv dialy-jis (3 days 
against lunning tap watei at loom tcmpeiatuie and i daj s ag mist distilled 
watei at 3-5°) Contiol c\poinnents shout'd th.it these coiulitions ucie 
ampljf sufficient f 01 tliciemo\al of all fiec foimaldelutle oi othei tonipounds 
added to the icaction nnxtuies When net e-'snn , I he piodut ts ueie diied 
by lyophilization 

Giamicidin dcinatives ucie isolated b^ pictipit.iting the le.iction miv 
tuie with about 10 volumes ot 0 1 m sodium (hloiidc, washing tlu piecipi- 
tate with watei oi dilute salmc solution, ledissoh ing it u itli added ethanol, 
and again picupitatmg and w.ishmg it as befoic .Some deuvativcs, nota- 
bly those containing piohne oi alanine, could be piet ipitatcd fiom 5 to 10 
pel cent alcoholic aqueous solution onl}’’ by addition of sodium chlotide to 
03 m concentiation Many ot the dcinatives heie dcscubed, m contiast 
to giamicidin 01 methylol giamicidm, yielded bulk} gel.itinous piecipitates 

Matenals — Giamicidin was kmdl} supplied b\ the W.illcistem L.abo- 
latoiies, isinglass by the Connaught Laboi atones, and insulin by Eh Lilly 
and Company The othei piotcnis used have been pievioiisly cliarac- 
terized (1) Ciystalhne boMiie seium albumin and all othei chemicals 
weie commeicial piepaiations The ammo ai ids ueic dl picpaiations with 
the exception of L-histidmc and L-tyiosinc The n-X-acot}! doiivativos 
of L-histichne, nn-tiyptophan, and ni-tyiosmc ueic picpucd attoidmg to 
published methods (15-17) The acetylatcd piotcms ueic picpued b} 
selective leaction ot the ammo gioups alone bymc.ms of .icetic .inhvdiide 
m an aqueous medium at 0° (IS) 

Analytical Methods — ^Fiec foimaIdeh}dc was cletenmned with chmedon 
(19), but m the picsent study the combined deteimmation of fice plus le- 
veisibly bound foinialdehyde was of gieatci value Tins was achieved 
by a chiomotiopic acid coloiimetuc method (20), eithei duectly on aliquots 
of the leaction mixtuie oi, moie ^eneially, aftei combined acid hycholysis 
and steam distillation (1) ‘Tneveisibly bound foimaldehycle” was the 
difference between the amount added to, and recoveiable fiom, leaction 
mixtiues Contiols indicated that theie was no destiuction of foimalde- 
hyde undei the conditions of pH and tempeiatuie used foi the expeiiments 
01 foi the anabases 

The amounts of foimaldehyde bound iiieveisibly by model systems 
containing amines and phenol oi imidazole deiivatives supplied a valid 
means of gaging the extent of leaction Coloiimetuc analyses yielded 
confiimatoiy evidence 

The paiticipation of piotein in smiilai leactions was piimaiily demon- 
stiated thiough a study of then ’ability to fix small moleculai weight 
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phenols, imidazoles, or indoles The most suitable model compounds for 
this purpose uere the conespondmg a-X-acet} lamino acids, smce the 
amount of acetyl groups thus introduced could be anal3d:ically determined 
aftei release by acid hj^drolysis To this end, 25 mg samples, hjdrohzed 
^\’^th 1 ml of 6 X sulfunc acid in sealed tubes at 100° foi 18 hours, r\ ere sub- 
jected to vacuum distillation rnth repeated additions of watei (total, 170 
ml ) and titiation of the distillate inth 0 02 x sodium h3droxide, iiith phe- 
nolphthalem as indicatoi When chlorophenols weie used, chlonne analy- 
ses performed on the isolated piotems served as a measuie of the extent of 
intei action Colonmetiic anal3'ses supplied additional erudence 

Colorimetiic determinations of the aromatic and heteroc3chc compounds 
weie performed for too different purposes In the one case it was desired 
to demonstiate the involvement of these lang compounds m reactions vath 
foianaldehyde, in the othei, to demonstrate the introduction ot added 
sunple phenols and indoles into proteins by means of the cross-hnkmg 
methylene gioup Different techmques vere reqmred For the first 
puipose it uas found that uhen phenols oi imidazoles enteied into con- 
densation leactions then ability to combine wath most coloi-formmg re- 
agents Mas consideiablv loweied Thus decreases in chiomogemc acti\at3 
by the Thomas (21) oi Macpheison (22) method indicated involvement of 
phenols and imidazoles, respectnel3 

With legaid to histidme, and in confirmation of these observ'ations, it 
w as found that a denvative prepared from histidme and formaldeh3 de (23) 
accoiding to Neuberger (24) (imidazole-tetrahydropyndine carbox3’hc acid, 
Compound B) gave a different color (3ello\\) and of a lowei intensit3 (10 
to 25 pel cent) than an equimolar amount of histidme, both by the ongmal 
Paul3’' method (25) and with the hlacpheison modifications (22)- This 
reaction represents an mtiamolecular example of the same t3pe of meth3"- 
Icne condensation that probabh occurs betw een ammo and imidazole groups 
of proteins 

In 01 del to demonstiate coloiimctiicall3'’ the introduction, through the 
^laiimch reaction, of added smiple phenols oi mdoles into proteins, a test 
was needed which would be positive for such compounds even after the3 
entered into Minnich condensations The Fohn phenol reagent (20) was 
found to act m the desired inaniiei Vctuall3 increased chromogemc ac- 
tivatics were obt uned with Mammh derivatives of phenols, is compared 
to the origin il phenols For the colonmetrn detcition of introduced histi- 

’ Neuberger ( 21 ) reported that the N nieth3lol dcruatwe oi Coaipound B has 
about the same chromogcnic actn it3 , on a molar basis, as does histidme In otln.r 
ispecta of the reaetion of histidme and fonnaldeh3 de, our observations are m accord 
with those of Neuberger, except that on several occa-ions Compound B was obtained 
vs the monohjdrite instead ol the dihvdrate 
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time deiivativob, only the Aliu plieibou inetliod w.is u^fd, hocavw of the 
low oluomogenic .ictivity of Mnnnuh deiiviilivis ot tliH .unino luitl, the 
icsultmg \uhicb wlioii culculutod hoiu lintidiiu* >landuid (Uivos ucu ob- 
viously much too low 

Piotciub hud to be hjtliolyml piioi to .ipplu alioii of the (oloiimetnc 
testb jSIcthodb of hydiolybib h.ul to bo siii h not to uw oim‘ the Mannich 
leaction oi to favoi iciictions betwoon the liboiiitod foiinnldohidc and 
cyclic ammo acidb Iiidolc-foim ildohvtlo donvativos (•)) and tertam 
methylolphenolb (27) aie hydiolyml !)\ siiong alkali, but the .Mannich 
type of pheiiol-mcthjdcnc dciivativ'c-j piovod to bo stable uiidoi conditions 
of alkaline hydiolybis (5 houii at 120° with 5 n XaOII), which, m tuin, did 
not favoi sccondaiy condensation leactioiis 

Foi histidine analyses acid hjaholjsib wab u^od (IS houi'> at 120° withh 
N HCl) When foimaldehydc-tieatod piotianb weie hvdiolyzed in this 
mannei, leveisibly bound founaldchyde wa-? found to leut t with the hbci- 
ated histidine (and tyiosme)^ This tould be piovonted bv the addition 
to the piotein sample of about halt itb weight ol dimedon, which ‘•eivcd to 
tiap the libciated foimaldehyde The hycholysatcN weie neutialued and 
centiifuged, but the UbUil sopaiation ot the histidine tiaction was omitted, 
foi feai that any foimaldehyde condensation dciivative of histidine might 
not appeal quantitatively m the piopei tiaction 'riuis t>iosine was not 
lemoved and must have contiibutcd to the iluomogenic activitv ot the 
hydiolysates Contiol expeuments showed, howevei, that undei Mac- 
pheison’s conditions, tjaosine gn es only about 20 pei ( ent ot the coloi that 
IS given by histidine, on a molai basis 

Acid and basic gioups weie detei mined bj dye methods (28), ammo 
mtiogen accoiding to Van Sljdvo (20), and tiyptophan accoichng to Hoin 
and Jones (30) 


liCiylllli, 

Two main types of expeiiments weie pci foi mod in studying the IMannich 
inteiaction of aminomethylol gioups with imidazole oi phenolic gioups 
(a) The amount of foimaldehyde bound lueveisibly by model sj stems, 
compiising aliphatic ammo acids and substituted imidazoles oi phenols, 
was deteimined, and (b) sunple phenols oi acyllustichnes weie intioducecl 
through methylene linkage into pioteins iich in ammo gioups The lattei 
techniques could be used also with indoles, but not the ioimei, since simple 
indoles by themselves bind foimaldehyde stably ovei a wide pPI lange (9), 

’ Histidine and tyrosine do not react with formaldehyde under the conditions of 
combined hydrolysis and steam distillation used in the formaldehyde analysis 
Tryptophan and cysteine bind formaldehyde under these conditions (9) 
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m contrast to imidazoles or phenols (1, 24, 23) ■* Interaction of amines 
and substituted mdoles through formaldehyde was further demonstrated 
with gramicidm, which contains 40 per cent of tryptophan 
Model Systems — ^Table I lists a senes of experiments on the mteraction 
of threomne, p-cresol, and formaldehyde at \anous lei els of pH and tem- 


TvBCb I 


Reaclton between 

Threomne, p-Crebol, 

and Formaldehyde* 




, lEqui\alcnt of 

I Apparent phenolf 


Fioal pH 

1 Teraperature forma!dch>de 




1 

1 ! 

1 bouna 

Folm 

Gemsrosa 






I 

I 

Threomne + p cresol 

3 9 ^ 

1 23 

1 0 

1 7 

0 7 

O q. o j 

3 9 

1 40 

1 0 

1 7 

0 5 


4 0 

23 

0 0 



tl 

3 9 

1 40 

0 1 



p-Cresol 

•1 1 

40 

0 2 

1 Of 

1 ot 

Threomne + p-cresol 

5 5 

40 

0 9 


0 5 


5 3 

40 

0 0 



p Cresol 

7 0 

40 

0 3 

1 1 

0 9 

Threomne + p-cresol 

6 8§ 1 

23 

0 9 

1 8 

0 7 

“ -f “ 

6 S§ 

40 

1 0 

1 S 

0 5 

tt 

1 

6 7§ 

23 

0 0 



it 

0 8§ 

40 

0 0 



p Cresol 

7 6§ 

23 

0 2 

1 0 

1 0 

ft 

7 5§ 

40 

0 5 

1 1 

0 S 


* 0 75 mu each of the oinmo acid and the phenol, the latter in 10 per cent solution 
in ethanol, treated for 7 dajs with 0 3 ml of 3 ii acetic acid or sodium acetite and 
2 0 ml of 7 5 per cent formaldehjdt (5 him) 

t In terms of molar equivalents of untreated p crcsol The latter tives onlj 55 
per cent of tin, Folin color, but I-IO per cent of the Gerngrosi color of an equimolar 
amount of tjrosine 

t The same chromogtmc activitj was observed with p crtsol which had been 
exposed for 7 d ij s at 40° to acetate of pH 4 1 or phosphate of pH 7 0 in the absence of 
form ildehjde 

§ f t M phosiih ite bulTi r fpM 7 ti) w is used instead of acetate 

peratuu Ihrooniiu w is in prtliuncc to other uiuiics or ammo 

itids bet lUse it did not h\ lorm ildthxdt t itlier b\ itsclt or m the prt 'Ciu t 
of uctiti Imllers ni) /;-( ii'ol ilom il-o did not rt u t ipjirttiibly it 
room tempti iturc o\ti tlu range ol jiH I 1 to 7 ti, nor at 10' up to pll b 8 ‘ 
When mixture', ol i qmmol ir inioimt' of threonme ind p-t rt 'ol were treatcai 

* Lmpiiblialicd expi riincnts of the luthors h ive shown tfeit p crcsol bmds formal 
lieluile it in ipjireei ihlo riti it pH II i liiit not it pH S 
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piutiouUilj' neai pll 1, .ind Ui.i( oiih Ihe see ond.ii> 'stable (i c , Alanmcli) 

\ 

fixation of the substituted inethvlene }i;u)up b> the leaitive CII t^ioup 

/ 

/ 

led to a loss in chiomogcnic activity (< / (2 l)j 
A senes of expeiiments with loimaldehjde, aietjHu-stidine, and cither 
piohne, acetamide, oi methylguanidine sulfate showed that, as m the case 
of phenols, condensation of imida/olos oicuiied only m the piesence of 
amino oi imino gioups (Table IV) 

Inbodudwn of Phenols, Indoles, o> Imidazoles mlo Pioltins Ihiowjh For- 
maldehyde — The occuiience in piotoiiis ol the ( lOss-linking condensation of 
foiraaldehyde, ammo, and phenol oi imida/iolc gioupi is stronglj’’ suggested 


Tvnn III 


Lack of ReaUion bUnecii 2,'^-Diintlliiilphcnol, Fonuitlthhiiih and Ihllni iccltunule 

Ol M t thiihj null tdi III Sitijitid 


I 1 

1 ' I c^ui\ ilvul oil 

linilpU iform ildihjdtj 

, I bound ' 


Vpjiatcnl jihcnolt 


I olin I Ctmeross 


Methylguamdine dunothylplienol 

. 1 2 

0 2 

1 0 

! 

\ 

1 

1 1 

11 II 

' b 1 

0 1 

i 1 

1 

1 0 

Acetamide + dimethylphenol 

' * ^ i 

0 i 

1 0 

1 

1 

1 0 

II ^ 11 

0 3 ' 

0 i 

10 

1 

1 0 

Methylguamdine 

6 2 - 

0 1 




Acetamide 

G 4 

0 3 




Dimethylphenol 

4 2 

0 2 

1 0 

1 1 

1 

1 1 

* 1 week at 40° Concentrations 

ind bulTeis same 

lb m 

Tables I and II 



t See foot-note to Table II 


by the above findings How evei , no uneciuivocal tet hnique toi its demon- 
stiation appealed available ® Only the alteiation of the chiomogenic ac- 
tivity of the lespective amino acid lesidues could be used as indication ot 
then participation m Mamneh leaetions The contiol data obtained with 
foimaldehyde-tieated seuim albiumn as compaied to its aminoacetid de- 
rivative lepiesent such evidence of the occuiience of Manmch leactions 
(at 40°) ivith the phenol gioups (Table V) Moie sti iking changes in the 
chiomogemc piopeities of proteins weie obtained at higher temperatures, 
but iindei such conditions the role of the ammo gi oups became less clearl}'’ 
apparent 

It appeared that the reaction might be demonstiated unequivocally 
through the fixation, m the piesence of formaldehyde, of small molecular 

® Fixation of formaldehyde and loss of ammo nitrogen can be due to condensation 
between amino and amide or guanidyl groups (13), in addition to the reactions dis- 
cussed above 
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weight phenols, imidazoles, or mdoles by prQteins nch in ammo groups 
As pie'vnously stated, the corresponding acetylammo acids were chosen for 

Tcble R" 

Reaction between linino Acids, -Icetyl-L-hislidine or Histidine Anhydride, and 

Formaldehyde* 


Ex- 

pen 

ment 

Xo 

1 

Final pH 

i Equivalents of 
j fo-maldehj debound 

Apparent 

hiatidmet 

1 Irre- [ 
%efsxbl> 1 

Total 

i 

A* 

Threonine + acetjihistidine 1 

3 5 

0 3 

0 3 

1 0 


“ 4- “ 1 

4 5 

1 1 


0 9 



6 4 

'os 

0 S 1 

0 6 


“ 4- histidine anhvdnde 

4 1 

0 4 I 


1 0 


1 » 4- » 

5 0 

07 j 

0 7 

0 9 


« ^ “ * 

6 S 

, 04 ! 

0 6 

0 s 



3 9-6 S 

00 , 




Acetylhistidine i 

3 5 

0 0 


1 0 


Histidine anhjdnde 

7^ 

0 0 1 

t 

1 0 

B* 

Threomne 4- acetylhistidine 

7 3 

0 4 


0 s 


i « 

7 3 

.0 0 




Acetjihistidine 

7 3 

0 0 } 


1 0 


Serine 4* acetjihistidine 

7 3 

0 s 

' 

0 6 


(( 

7 3 

0 3 ^ 




Acetylhistidine 

7 3 

0 0 


1 0 

ct 

Threomne 4- acetilhistidine 

6 6 

1 U 


0 5 


Alamne 4- “ 

6 7 

1 St 


0 5 


Proline 4- “ 

6 S 

1 it 


0 s 


Acetamide 4- “ j 

7 0 

0 1 


0 9 


Methjlguanidine sulfate 4- acetilhistidine, 

6 9 

0 2 


1 0 


Acetjihistidine 

6 9 

0 1 


1 0 


* Vt40° for7 t]a>s E\penment A, 0 75 mil of each of the nitrogenous compoonds 
was treated with 0 3 nil of buffer (see Tables I and II) and 2 0 ml of 7 5 per cent 
formaldehj de (5 mil) Experiment B, 0 75 mil of each of the mtrogenous compounds 
wastreatedwithO 75ml of buffer and 6 0 ml of 1 SS per cent formaldehide (5 mil) 
t In terms of molar equixalents of the chromogenic actmtj of the rcspcctiee 
unchanged histidine derivatixes 

t Vt 53° for 1 dajs, concentrations of reactants same as in Ex'perimeut A Anuno 
acids, particuiarh alamne, bind formaldehide irreiersiblj bj theniscUes under 
these conditions, so that onl3 the colorimetric d tta seric as posituc endence for 
Maniiich condensation with imidazole rings The lack of reactmti of imide and 
gu imdine compounds is show n be both techniques 

this purpose, since the aceti,! group represented a ustlul label” tor ana- 
Ijtical purposes Additional phenolic compounds were o-chloropbeiiol, 
p-tre-ol, and 2,4-dimethilphenol, the fixation of the first was determined 
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Tviili V 


Combination of Phtnoh, Indolts, and ImidazoUs with I’rotcnn Containing Ammo 
Group', 1)1/ Riaclton with I oi inaldi Iv/di * 


( 


A pp I rent 

1 

Apparent 

Apparent i 

Equiva 
UnU ot 
added 
compound 
boundl 

Compound iddcd 1 ^it'urc*^' 

1 mil pH 

phcnul ind! 
indole 1 

plicnol 

(Oern 

luatidinet 

1 


(1 oIm)| 

Kroiilt 



Scries A J3ovinc scrum illiuiniu* 



»C 


per cent 

per cent 

j per cent 


p-Cresol 

21 

1 r> 

8 7 

7 1 } 


(( 

23 

1> 3 

10 1 

9 9 } 


(t 

21 

7 b 

10 3 

9 2 1 


(t 

10 

f) 9 

11 3 

12 3 



2, 4-Dimcthylphcuol 

21 

3 1 

8 7 

1 3 1 


(( 

21 

5 9 

13 5 


1 

ti 

10 

1 S 

9 2 

1 8 ' 

1 

tt 

10 

3 2 

12 5 

3 3 ' 


tt 

10 

5 9 

Ih 1 

1 7 



Tjiosme 

10 

r> ') 

12 5 

j C 



Acetyltyrosino 

21 

3 1 

9 9 

5 9 j 

1 S 

(( 

21 

5 0 

12 3 

b 1 

31 

<< 

23 

7 2 

13 G 

0 7 1 


o-Chlorophenol 

23 

3 3 

11 6 

5 6 ( 

1 9 

(< 

21 

G 1 

11 9 

5 0 ' 

3 2 

Indole-3-acetic acid 

23 

3 0 

9 5 

1 1 



tt tt 

21 

5 1 

10 1 

3 9 

i 

tt tt 

40 

5 5 

12 3 

3 S 

1 

Acetyltryptophan 

23 

5 5 

9 2 

1 2 

1 

(( 

23 

7 2 

') 3 

o 1 

1 1 

“II 

40 

1 S 

7 0 

3 S 


“II 

40 

3 2 

13 0 

5 2 

1 58 

(f 

40 

5 5 

10 3 

3 8 



“II 

40 

7 2 

8 7 

3 G 


2 5 

Acetylhistidine 

40 

3 o 

7 3 

1 0 

5 0 

1 4 

tt 

40 

7 4 

7 7 

1 2 

5 G 

3 8 

Histidine anhydride 

40 

7 5 

7 b 

3 1 

6 3 


Controls, tyrosine, acetyl- 

23-10 

5 5-7 4 

6 8 

1 5 

4 C 

0 1 

tyrosine, 2,4 dimethyl- 







phenol, acetylhistidine, or 







acetyltiyptophan, without 







formaldehyde 







No addition -h formaldehyde 

23 

5 8 

6 0 

4 3 



tt tt tt 

40 

2 0-5 9 

7 7 

3 8 

5 1 


Series B Aminoacetyl bovine serum albumin* 

p-Cresol 

■■ 

6 3 

6 3 

4 7 

1 


tt 


7 6 

6 7 

5 5 



Indole-3-acetic acid 

■I 

5 6 

7 2 

4 8 
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TtBLE V — Concluded 


Compound added 

Temper 

ature 

Final pH 

•Apparent 

phenol and 
indole 

(Foli3)t 

Apparent 

pncnol 

(Gem- 

Apparent 

Iii-Udinct 

EquiM 
lents of 
< added 
compound 
bo -ndj 

Senes B — continued 

Vcetjltrj-ptophan U 

40 

3 5 

S 9 

4 5 


I 

(( 

40 

5 6 

7 2 

4 5 



(t 

40 

7 2 

6 4 

4 S 


0 0*: 

Acetjlhistldine 

40 

7 3 

6 3 

4 3 

4 4 

1 2^ 

Control, no addition + for- 

40 

7 5 

6 0 

4 2 



maldehyde 





. 


Senes C Ismglaas * 


"C 


per urt 

per cen 

per uni 


p Cresol 

40 

a 6 

3 3 

2 1 



2,4-Dimethj Iphenol 

40 

5 6 

5 2 

0 5 



Tyrosine 

40 

5 6 

7 2 

3 3 



Indole-3 acetic acid 

40 

5 6 

3 6 

0 4 



\cet>ltrj’ptophan 

40 

5 6 

3 S 

0 6 



Controls, tj rosine or indole- 

40 

0 6 

1 5 

0 5 



3 acetic acid, tcit/iouf/orTO 
aldehyde 







Xo addition -p formalde- 

40 

0 6 

1 7 

0 3 



hjde 

Unchanged 



1 3 

0 5 




• For Series A. and B, 1 ml of lOper cent protcinuaj treated mth 0 1 roucompound 
(the phenolij in the 10 per cent bolution in ethanol), 0 3 ml oi 3 ii acetate or 3 4 ix 
phosphate, and 1 ml of 7 5 per cent lormaldehjde, fccries C, 2 ml of 10 per cent pro 
teinsolution and 0 2 mil addition, mth 0 Jml of buffer and 1ml oi 7 5 per cent for- 
maldehjde The ammo mtrogen of boiine serum albumin is 1 IS per cent, that of 
the acet>l3ted deniative (IS) 0 OS per cent, and that of isinglasa 0 4S per cent 

t Expressed as t3TOsine Upon analjais at t\o levels good agreement was ob- 
tained with the Folin method, but not with the Thomas method Tne results were 
averaged 

t Histidine values include a fraction of the tv rosine pre-cnt (.see under ‘ Vnal^ tical 
methoils”) 

§PerlO*gm of protein, as deteninned bj acetv 1 or ehloniie analj„es 
j 120 per cent of the weight of the protein was obtained, alter tho-iiu^h dialjsis, 
from the sample prepared at pll 1 S, 103 per cent from that prcpa'ed at pH 3 2, and 
104 per cent from acetjlated bovine serum albumin at pll 3 a (,TLe ot' er prepara 
tions were obtained in 90 to 105 per cent vield ) Tnese reac ion prodee's vc'e 
colored and insoluble 

^ These figures are, ot necessitj, differences oi tvo large fi„u'’es ( ’e ace ,1 
bovine serum albumin contains about 9 equi ahats ol aci.t>l) and thui sabjtc to 
greater errors than the results obtained vith unacetvlatei albumia 
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by chloimo aiiulyhcs, while mcieu'^es m the Folm loloi i ImiaLtcuzed all 
pioductb coiiliuning motlivlenc-luilvcd phenol oi indole ( ompounda 

The data, aa bnmmaii/.ed in Talile V, bliou timt o\ei tlie pH lango in- 
vebtigatcd (pH 2 to 7), the phenolic (ompoundb weie hound to the highest 
extent, eoncbponding to about half ot the annno giontis ot boiuni albumin, 
at 01 neai iieutiahtj’^ lloaetionb piocceded hnthei at 10° than at loom 
tempeiatuie The Iindingb with mdoleb lue iiuite snnilai, exiept that 
acetyltiyptophau at 10° appealed to be bound nia\imulli at pH 3 How- 
ever, the iiibolubihty and diacoloiation ot thib leaetion piodutt may suggcat 
that complicating bide leactions had OLCinied'* Aeetylhibtidmo, like the 
phenolic compounds, wnib bound to the gie.itCbt extent in neutial solution 
Geneially, indoles and imidazolcb seem to leact somewhat le>s readily than 
do phenols 

The inability of aminoacetyl bcium albumin to (ix aiipieciable amounts 
of any of the model compounds m the piesonce ot foimaldehyde at 40° 
clearly establishes the cuicial ible of the piotein ammo groups in the cioss- 
hnking reaction The stiiking diftcieiuc m the chiomogcnio actnities ot 
the p-ciesol and dimethylphcnol deuvativcs of bcium albumin m regard to 
the Folm and Geingioss leagents (Table V) lepiesents good cMdence that 
at least the leactions with phenols aie clcaily of the Alannieh type 

InUoduction of Amines and Ammo Hetds ^nlo Gramitidm throwjh For- 
maldehyde — The paiticipation of indole groups m tondensation reactions 
with formaldehyde w'as fuithei demonstrated by treating gramicidin, which 
contains almost 40 per cent tryptophan, with foimaldehyde and \arious 
ammes under a variety of conditions Interaction was c\ident m many 
instances, paiticulaily m aUvahne solution, from changes in the physical 
piopeities of the leaction mixtuie *Vlteied solubilities were also noted 
for many products during and after then isolation It was diflScult, how- 
ever, to find a reliable quantitative measuie of the extent of interaction 
Analyses for the polar groups introduced into the non-polai giamicidiii 
molecule Aveie found most useful (Table VI) Primary ammes, possibly 
because of then tendency to cioss-hnlv through two methydene budges, 
lost most of then basicity, so that basic group analyses seemed to vield 
only minimal values, but secondaiy amines lemamed sufficiently basic to 
be detected The caiboxyl groups of alanine and prohne lepiesented 
suitable “labels” to establish then hxation by' giamicidin thiough for- 
maldehyde 

The mode of linkage oi these amines w as not definitely established If 
the reaction was of the Manmch type, the site of attachment wmuld be 
the a-caibon atom of the indole ring On the other hand, formaldehyde 

0 Attempts to study the reaction of formaldehj'de and acetjdtiyptophan alone in 
acid solutions also led to colored pioducts difficult to chaiacten/e 



Tible VI 

Combination of Amines with Gramicidin in Presence of Formaldehyde* 


* Groups introduced per 10* j 


I 

Compound added 

Buner 

1 

Final pH ' 

\ad 

gm 

1 Basic 1 

' 1 

1 Apparent 
i ti^^ptophant 

1 



1 


' 

t ptr ctr 

Alamne 

1 XaOH 

1 ' s ! 

8 ot 




“ 1 

I 6 7 j 

5 4 




XaO-Vc 1 

5 5 1 

1 9 



Proline ^ 

Xone 1 

4 3 

3 2 


«10) 


HCl 

2 0 

2 0 




XaOH 

9 9 

S 4S 

, 0 2 

(6) 

1 

tt 

7 S 1 

6 6!1 

0 9 

21 

j 

Xone 

4 4 

2 S 

1 9 


Dimethjlanune , 

tl 

9 5 


16 5* * § : 

(5) 


HOAc 1 

47 i 


8 7 

19 

1 

HQ + XaOAc | 

3 7 


40 1 


j 

' “ +HOA.C 1 

. 2 5 


1 -i ! 



<< 

2 1 


1 2 


Lj sine 

XaOH 

S7 ; 


3 5 

15 


1 

' 7 1 


2 2 



XaO\c 

7 1 


.46 1 



HCl I 

1 3 9 

2 5 

1 7 9 ' 



XaOA.c + HCl 

2 S 

0 S 

1 8 I 

14 

2-Vnunoethylsul- 

XaOH 

7 5 

5 8** 



furic acid 






Methylamine 

; XaO Vo + HCl 

3 0 

0 0 

2 0 

(6) 


1 HCl 

2 5 


0 4 i 


Histidine 

I XaOH 

6 7 

1 5 

0 0 



' XaOVc + HCl 

2 9 

1 3 

1 2 



1 HCl 

2 S 

4 4 

1 7 



I 


* 100 mg of gramicidin (contammg 0 2 mil of tryptophan), 0 5 nm of the larioua 
additions, and 0 25 ml of 3S per cent formaldehjde Mere brought into solution, if 
possible, in 1 to 2 ml of 50 to SO per cent alcohol, contaimng approMmatelj 0 3 il 
acetate, or, at most, amounts of n XaOH or HCl equualent to the added compound 
The reaction mixtures m ere held at room temperature for 4 to G daj s Heterogeneous 
mixtures (i e those contaimng Ijsine and alamne) were shahen at interxals Some 
set to gels during the reaction penod For method of isolation see “Ex-perimental ” 

t Vnaljsis without hjdroljsis, in 50 per cent acetic acid solution (0 05 per cent) 
Values in parentheses are based on readings of an atj-pical purple color Vll xalues 
are approximations onh (il5 per cent ) , since unlij droh zed gramicidin and man% of 
its deriiatn ts giie colorimetric curies which differ somewhat from those of standard 
triTitophan, and from one another (9) 

t ^\hen iiiethx lol grarmcidinfO) was used instead of gramicidin imdtr identical con 
ditioiis, with or without added formaldehjde, no acid groups were introduced 

§ \\hen the product was exposed to dilute aqueous acetic acid, onli 1 0 acid group 
was found This material contained no unchanged tn-ptophan when anaKzcd in 
50 j>er cent icetic acid solution (less than 10 per cent, puqilc) )\hen the onginal 

product was tre itcd with 5 s XaOlI (IS hours it lfX)'’l, it contained no acid „roups 
and about 31 per cent tri-ptophan 
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Tviin VI — Concliidid 

II This product after exposure to dilute aiotic icid < ontained 1 { acid ijroups and 
no unchuiged tryptoph in (less th iii 10 per cent, purple) 

^ Treatment with 5 n NaOII for h hours or IS houis at 70“, or for 21 hours at 100®, 
yielded products ret lining only 11 5, 12 o, oi 1 2 basic groups, res|)eelively, and 10, 
13, and 31 per cent tiyptojihan Dilute me tie icid give i produt t eontniimig 10 1 
basic groups and less than 10 pei cent tryptophan (purph ) 

** Sulfate sulfur intrmlueed, 0 I ecpnv dents 

alone m alkaline solulioinvab foiiiul to add most piobabl^’’ to the iminogioiip 
(9) The bulk ot the evidence fa\ois the lattci gioup as also condensing 
with amines and iounalch'hydo m the pioscnt expeiiments This is mcli- 
cated by the following tacts («) The \auous pioducts letamcd 30 to 80 
pex cent ot the oiiginal chiomogcmc activity with dimethylammobenzalcle- 
hyde, a leaction which icqimes an unsiibstitiitcd 2 position m the indole 
nucleus ^ (b) The condensation ot mclolcs tluough methylene gioups with 
ammo eompoimdb could be icxeiacd by tiealment with strong alkali, as 
pieviously obseivcd with the X-mcthylol addition pioducts* Xo such 
lability should be expected foi caibon-bonnd metbyleno gioups Thus it 
appeals that the leaction ot indoles with ammomethylols introduces meth- 
ylene gioups between neutial and basic mtiogcn atoms This reaction 
thus lesembles that pieviously obseivcd with amides (13), lathei than the 
Mannich type of stable fixation of methvlcne gionps between caibon and 
basic mti ogen atoms ^ 

Evidence of Mannich ReacUon Occiuniuj in Proteins Alone — Indnect 
evidence foi the paiticipation of phenolic and imidazole iings in the piotem- 
foimaldehyde leaction came fiom a study of the amount of foimalclehyde 
bound iiieveisibly undei vaiious conditions It has been w'ell established 
in lecent yeais that piotems and ammo acids iinclei piogiessnely moie 
iigorous leaction conditions fix piogiessively moie foimalclehyde in such 
a manner that it cannot be lecoverecl by acid hydiolysis and steam distil- 
lation (31, 32) One leaction mechamsm accounting toi such behavioi has 

’ N-Methylolmdoles were found to give negative tests (9), but this was attributed 
to a possible migration of the methylol group during the test If that interpretation 
13 correct, then it appears that bulkier substituents do not migrate so readily from 
the indole nitrogen to the a-carbon atom 

8 The prohne-formaldehyde-gramicidin condensation product appeared to be un- 
stable even in dilute acetic acid solution (Table VI, foot-notes § and ||), but it ap- 
peared from the absence of chromogemc tryptophan that, under these circumstances, 
only proline was split off and methylol gramicm formed 

® A few of the giamicidin derivatives obtained in this investigation were kindly 
assayed for bacteriostatic activity (against Staphylococcus atiieus) by J C Lewis 
of this Laboratory Their activities ranged from 13 to 8S per cent of that of the 
original gramicidin, but they were also sinulaily toxic to mice 
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recently been elucidated as the addition of formaldehj de to protein indole 
(9) and phenol'* groups in alkaline solution These reactions, how ever, do 
not occur at neutrahty Acylhistidines by themselves do not bmd for- 
maldehyde at any pH studied (24, 23) Thus presumably the imidazole 
groups of proteins are by themselves unreactive 
When the amounts of formaldehj'de fixed irreversibly by a number of 

Table VII 


Comparison of Amounts of Formaldehyde Bound Irreieraibly by Various Proteins at 
40^ and pH ^ with Their Contents of Relevant Amino Acids* 



Equivalents per 10 * sm. 

Fonnalde- 
b>de bound 

Contents of 

Histidine 

Tyrosine 

NHt-N 

Insulm 

5 3 

3 4 

6 8 

0 0 

Globm 

4 1 

5 2 

1 9 

7 5 

ProtamineT 

4 0 

0 0 

0 0 

0 0 

Serum albumin (bovine) 

3 3 

2 5 

3 1 

S 9 

Silk sencin 

2 7 

1 2 

3 0 

2 2 

Feathers (chicken, ground) 

2 3 

0 3 

1 9 

1 5 

Hoof (bomne, powdered) 

2 2 

1 2 

29 

4 5 

Wool (ground) 

1 6 

0 4 

2 7 

1 s 

Silk fibroin (ground) 

1 3 

0 2 

6 6 

0 7 

Gelatin 

1 0 

0 4 

0 7 

4 0 

N-kcetyl globin 

1 0 

5 2 


20 

“ serum albumin 

0 7 

2 5 


0 0 

Banum sulfate 

0 2 

0 0 


0 0 

Njlon 

0 0 

0 0 


0 1 


*100 mg of protein were treated witU 1 0 ml of areactioanu\turecoataimng2nil 
of 7 5 per cent formaldehyde, 3 ml of m phosphate, pH 7 0, and 23 ml of water m 
sealed test-tubes for 1 month at 40’ The total sample was then subjected to 
anal j SIS bj distillation from sulfuric acid solution (1, 20) The proteins selected 
were all loiv in tryptophan content (<0 7 equivalent per 10* gm ), so that the role 
of the indole groups (9) in this reaction could be disregarded 
t See foot note 10 in the te'ct 

proteins of greatly varying composition were compaied after rtacuon at 
pH 7 (1 month it 40°), those proteins which were richest in histidine ind 
tyrosine, and also contained many ammo groups, bound the most for- 
maldehyde, though not appreciably more thanwosequivalenttothcircoatent 
of such groups (Table VII) *’ The low amounts of formaldehy de fixed by 

*®The large amount of lormaldehjde irreitrsiblj bound bj salmme under the^^ 
conditions represents an exception The mechanism of this reaction is not urder- 
stood 
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bilk libiom and by uniinoaLcljl ''C‘ium albumin oi glolan, all of which con- 
tain appieciaiile amounts ot t\iosinc oi iuslidinc but little luiuno nitrogen, 
illubtiate that toimaldohvde is [i\nl !)V the (\clii lesiducs thioiigh the 
Miiinuh leactum, latliei than 1)\ simple addition to the ling 

Tho aiithois acknowledge tlie untiling t((hnieai assist, iiue ot K 1 ) 
DutaA 


sv MM \u\ 

In ncutial oi slightly aeid ->oluti()n, loini.ildeh\de intiodiais inetlnleiie 

biidgeb between imines on th(‘ om hand .ind the icaitne C’ll gioiip-' ot 

phenolic and imidazole imgs on the othei I'he phenols leait to com- 
pletion within a tew da\s at loom tcaupeiatuie 'I’he linkage is lesistant 
to acid hydiol\sis 

Expeiiments with giamuidin suggest that t ondi'iis.Uioii- joining indole>, 
amines, and founalcUdivdi' undm simil.ii londition^ ma% on in with the 

NH gioup ot the mdole iing 

These reactions take place with similai ease also in jnoteuis containing 
the necesfediy gioiips Thew supply a means o| mtiodia mg a gieat lariety 
ol leaitive cyclic eompoimds stalih into piolenis, and ot ammo i ompoiinds 
into giamicidm 
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A POLAHISCOPIC STUDY OP GLUTAAIIC ACID AND PYUROLI- 
DONECARBOXYLIC ACID* 

By ANDRE C KIBRICK 

{from, the Department of Chemistry, The Bronx Hospital, Xew York) 
(Received for publication, December 31, 1947) 

Wilson and Cannan studied the interconversion of glutamic acid and 
pyrrohdonecarboxylic acid m detail by means of changes m ammo nitrogen 
(1), and the system so characterized was utilized by Olcott for the develop- 
ment of a method for the determination of glutamic acid (2) In neither 
case, however, were temperatures above 125° studied We have found 
that glutamic acid can be converted much more rapidly at 142° Smce 
such temperatures are known to produce profound changes m many sub- 
stances, an mvestigation of the optical rotation of this sjstem was 
undertaken 


EXPERIMENTAL 

Weighed amounts of L-glutamic acid, recrj stallized at pH 3 2, were 
placed m pressure flasks and water was added to the desued concentrations 
The flasks were immersed m an oil bath with thermostatic control and 
were removed momentarily and shaken after 5 mmutes Heating was 
then contmued for specified times After bemg removed from the bath 
and cooled, the pH of the solutions was determmed wath a glass electrode, 
and they were then transferred to volumetric flasks and diluted to v olume 
Samples of the diluted solutions weie taken for duplicate determinations 
of ammo nitrogen m a ^'an Slyke v olumetnc apparatus 
Observations were made at four temperatures between 127-142° m solu- 
tions contammg 2 to 20 per cent glutamic acid Smce concentration did 
not affect the rate significantly , the results of all of the experiments at 
each temperature were combmed The average values appear in Table I, 
where the data of Olcott (2) for 0 2 per cent glutamic acid at 125° are 
mcluded for comparison Alaximum dehydration of glutamic acid is 
achieved in 2 hours at 139° and 142° In fact, at the latter temperature 
it lias been found that the conversion to pyTrolidonecarboxy he icid is 
completed m 75 to 90 mmutes -Uthough wath isoelectric glutamic acid 

‘This work was started at the bni^ersity ol Toledo laboratory of the rt-carch 
department of the International Minerals and Chemical Corporation Be are in- 
debted to Dr P D V Manning, Mce president and rciscareh director, International 
Minerals and Chemical Corporation, Chicago, for permi-sion to Use some of the re 
suits presented here 
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at pll 3 2 only 92 pei (onl is com cited at eiiuilibiiurn, UG per cent of the 
glutamic acid can be convcitcd in solution at an initial pll of 4 without 
allecting the late signilicantly 

In oidei to calculate the lotalion of solutions containing both glutamic 
acid and pyiiolidonecaibo\ 3 ’’lic acid, the spccifa lotation of both of these 
bubstances was deteimincd In Fig I, ('ui\e V shows the \alue of [«1^ 
in solutions of L-pyiiolidoneCiUl) 0 \vlic acid bcluccn pll 2 and 11, and 
Cuive B the values m solutions containing 2 to 12 iici cent hjdiochloric 
acid The specilic lotation of n-glulaniu ai id had a \alue of +31 4° m 
solutions containing 5 to 12 pci (cnt h'vdiocliloi ic •!( id, and the value was 
at a minimum close to —.3 0° at pll 7 

Tcitri I 

Conversion of Isochclnc Gliilainic iitd to Piinolutoiucorhoxylu \cnl ut Diffuuil 

Tcmpcralurts 


Conversion 


Time 


ns’* 

i 127^ 

1 

Uj** I 

139' 

112“ 

hrs 

per cent 

per cent 

per eent i 

per eent j 

per cent 

1 

55 

05 0 

70 2 

70 0 i 

t 85 5 

2 

SO 

81 0 

, 90 0 

91 1 

1 92 5 

3 

88 

89 0 

91 7 

91 8 

92 5 

4 

92 

' 92 2 

91 8 

91 9 

' 92 7 

5 



91 9 1 



6 


' 92 8 


91 9 

92 7 

8 


■ 92 9 


91 9 

93 0 


* From Olcott (2) 


The late of lacemization of glutamic acid on being boiled in solutions 
m which paitial dehydiation to pyiiolidonecaiboxylic acid maj’- occur 
ivas studied m the followung way Solutions containmg 10 pei cent glu- 
tamic acid weie boiled unclei a ieflu\ at an initial pll of 1, 2, 7, and 12, 
and samples weie lemoved peiiodicallj’' foi the deteimmation ol the pH 
and amino nitiogen The balance of the samples was then adjusted ivith 
hydiochloiic acid and the rotation was detei mined in 4 dm tubes in eithei 
5 01 10 pel cent acid Some of the lesults aie piesenled in Table II It is 
seen that the values of rotation found in solutions boiled many liouis at 
low pH agree quite well wuth those calculated on the assumption that 
lacemization is not significant Furtheimoie, the absence ot significant 
lacemization in the solutions boiled at pH 7 was confiimed by the value of 
+29 8° foi the specific rotation of the glutamic acid after regeneration in 
boiling hydiochloiic acid How^evei, it is evident from the poor agreement 
of the values m solutions boiled at pH 12 that lacemization takes place 
lapidly under these conditions 
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2 4 6 8 10 

pH or Per cant {lyeJroefitori c actd 

Fig 1 The rotation of pyrrohdonecarboxylic acid Curve abacisaa repre- 
sents pH, Curve B, abscissa represents per cent hjdrochlonc acid 


Tani-E II 


Effect on Glutamic Acid of Being Boiled tn \cid and Alkaline Soluliom 


Tunc 

1 

pH 

1 

1 riuUroicaad 

Rouuoo, 

Found ' 

a* 

Calculated 

Irs 



^cr mJ , 

deirccs 

decrees 

0 ’ 

1 17 


5 00 i 

-f IS 2 

tIS 1 

3 

0 so 


3 C5 

--12 0 

t12 2 

43 

0 74 


3 57 

-11 4 

~ril 

91 

0 69 


3 62 

-rll 5 

t 12 0 

0 

2 17 


i 00 

-rlS 1 

tIS 1 

b 

1 li 


2 5b 

t" 4 

“tT 5 

31 

1 27 


2 12 

TO 4 

-^5 0 

101 

1 20 


' 2 24 

'vO 5 

tC 0 

0 

1 7 10 


5 00 

-IS 1 

-l6 1 

170 

' 7 42 


3 22 

t 9 6 

tIO 3 

0 

' 11 5 


5 00 

tIS 1 

-rll> 1 

0 

12 4 


1 53 

— 15 'j 

-16 2 

2 <) 

1 12 1 


4 4S 

-14 !> 

— 16 0 

60 

12 0 


4 41 

-13 5 

-15 7 

no 

12 0 


4 02 

-10 7 

t14 1 
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GLUTAMIC AND PYRROLIDONI CARBOXYLIC ACIDS 


The resistance of glutamic acid to laccmization at 127° and 142° was 
studied in a simiLu inannei Ly lieating isoclcctiic glutamic acid in 20 per 
cent solution iVftci the pll was detei mined, the solutions were diluted 
with watei foi the estimation cf ammo nitiogon in the Van Slyke apparatus 
Hydiochloiic acid was then added foi the dcteimination of lotation m 10 
per cent acid In addition, the acidified solutions weie boiled and the 
ammo nitrogen contents and lotation ueie again detei mined after le- 
geneiation Table III shows good agicement between the cxperunental 
and calculated values of lotation, but the values of the specific rotation of 
the legenerated glutamic acid aie somewhat low' 

Since the equilibiium m the legion of pi I 7 allows neaily complete con- 
version to pyiiolidonecaiboxyhc acid (1), the latcs of dehydiation and of 


Taull III 

Effect of Healing Solutions of laoclcclric Glutamic Acid at 1B7° and 1 ^2° 


Time 

Temperature 

pll 

Rotation, n* 

Regenerated 
glutamic acid, 

foJp 


Found 

Calculated 

Afi 

1 3 


2 48 

deiteet 

+ i 2 

detrtc] 1 

+ 1 1 

dtittu 

-}-29 6 

3 3 


2 07 

-0 5 

-0 4 

-f29 1 

6 3 


2 07 

-0 C 

-0 5 

-f 28 4 

7 3 


2 07 

-0 5 

1 -0 5 

I +28 4 

1 


2 01 

-0 5 

1 -0 7 

I +29 5 

2 1 


2 01 

-0 7 

-0 9 

+28 1 

3 

142 

2 01 

-0 7 

-0 9 

+27 i 

4 

142 

2 01 

-0 6 

-0 9 

! +27 5 

1 


* Ventzke scale 


racemization of glutamic acid were studied in neutial solutions at 142° 
The solutions weie heated for various times up to 72 hours, aftei which 
the ammo mtiogen was detei mined and the lotation w'as measuied both 
at pH 7 and m 10 pei cent hydrochloric acid At least 30 houis are le- 
quired for the completion of the leaction even at 142°, and the prolonged 
heatmg at this temperature seems to cause some lacemization oi destruc- 
tion in the system At 17 hours, w'hen the conveision was 80 pei cent, a 
comparison between the experimental and calculated values of lotation 
mdicated that racemization was not significant How'evei, the agieement 
was not good at 54 hours, and the specific lotation was only -f26 0° after 
the glutamic acid was legenerated 

Observations weie also made on the hydrolysis of pyrrolidonecarboxylic 
acid at loom temperature Solutions of 5 per cent pyirolidonecarboxylic 
acid in 6 and 12 per cent hydrochloiic acid were allowed to stand for 56 
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days at 25-30° The rotation -was determined penodically m the acid 
solutions and ammo mtrogen was determmed after neutrahzation The 
degree of conversion was then calculated from both sets of data There 
was good agreement for 10 days, durmg which about 60 per cent of the 
pyrrohdonecarbovyhc acid was hydrolyzed However, the results be- 
came mcreasmgly less consistent, and after 46 days only So to 90 per cent 
was shown to be hydrolyzed from the values of rotation, although the 
process was complete accordmg to the values for ammo mtrogen 

StTMMABY 

1 Data are presented to show that the dehydration of n-glutamic acid 
to L-pyrrohdonecarboxylic acid is accomplished m 2 hours at 142° vuth 
little alteration of the optical rotation of the system 

2 The specific rotation of L-p 3 rrrolidonetarbovj'lic acid has been de- 
termmed from pH 2 to 11 and m solutions containmg 2 to 12 per cent 
hydrochlonc acid 

3 The effect of boilmg at acid and alkalme reactions on the optical 
rotation of the system glutamic acid-pjTrohdonecarboxj he acid has been 
studied by a comparison of the observed rotation with the values cal- 
culated from the composition of the solutions At pH 1, 2, and 7 the agree- 
ment IS good for many hours and mdicates that racemization is not signifi- 
cant, but the results show that racemization takes place rapidly at pH 12 

BIBLIOGRAPHY 

1 Wilson, H , and Cannan, R K , / Biol Chem , 119, C09 (1937) 

2 01coU,H S,J Biol CAem ,163,71 (1944) 




ON THE PROTEOLYTIC EXZY^iIES OF -YN'FVLIL TISSL'ES 

Vni AN INTRACELLULAR ENZYME RELATED TO CHYMOTRA'PSIN* 

By HELMUT R GUTALANN't ysd JOSEPH S FRLTON 

{From the Department of Physiological Chemistry, Yale Umiersily, \cw Haren) 

(Received for publication, March 16, 194S) 

In previous papers of this senes (1, 2), evidence i\as offered for the 
presence of tw o types of endopeptidases m extracts of animal tissues such 
as spleen or kidnev One group of en2jTne3 exhibits specificity require- 
ments closely related to those of crj'staUme pepsm (3), and these enzjunes 
have therefore been designated “pepsmases” (c/ also (4)) Smce the pro- 
tein-sphttmg enzymes of animal tissues are also termed cathepsms, the 
pepsmases denved from beef spleen and from smne kidne} iiere called 
beef spleen cathepsm I and svme kidney cathepsm I respettueh The 
other group of tissue endopeptidases is characterized b}* a specificitj -imilar 
to that of crjstalhne pancreatic trjTism, which readily hjdroljzes sub- 
strates such as benzoyl-L-argininamide (BAA) Intracellular protemases 
of this type w ere assigned the name cathepsm II As noted prenouslj , 
cathepsms I and II differ with reapect to their responae to actuators such 
as cjsteme (1) 

It has long been cleai (5) that, m adchtion to the two endopeptidases 
cited above, tissue extracts contain other members of thia group of enzjmea 
which await characterization with respect to their specificitx of action For 
example, the enzxmes responsible for the h\drol 3 sis of substratea such aa 
benzoj Iglj cinaimde, carbobenzoxj -L-isoglutamme (1), carbobcnzoxx-L- 
serinamide (b), etc , bj' crude extracts of animal tissues have vet to be 
studied carefull}' 

In the present conimumcation, data are pieaented to show tliat swine 
kiclnej’- extracts contain an enzvme closelv related in specificitv to crvstal- 
line panel eatic chjmotrjTisin It lias been reported previou-lv that 
crvatallme chjmotrvp'in hjdrolv'zes gljc 3 l-L-phenvlalaninamide (GPA) 
uid gl 3 C 3 l-L-t 3 TOainanude (GTA) at the CO-XII linkage involving tiic 
carbou 3 l group of the ironiatic inuno acid (7), and that c irboLcnzo\ 3 -i- 
t3ros3lgl3 cinaimde is split to 3ield cirbobenzoxv-i-t3TO'me and gl3cm- 
amide (8) In addition to this cndopcptidase aciivat 3 , cr 3 't dime cli 3 -mo- 
tr3psm also exhibits aminopcptidase activat 3 toward suh^tritcs such as 

‘These studies were aided b\ grants from the Viniric„n Caaci-r Soc etj (on 
recommendation of the Committee on Growth of the National lU-tarch Cou mil) 
and from the Rockefeller Foundation 

t Alexander Brown Cove Memorial Ftlloa Aali, Lniveraitv lajo-jS 
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L-plienylalamnumide (PA), L-tyiosniamide (TA), L-phenylalanylglycin- 
amide (PGA), and L-tyiobylglycmumidc (TG V) (7) 

For the piebent btudics, two enzyme piepaiationb liom bW'ine kidney 
weie employed One of thcbC wub obtained by the piocedure dcbcnbed 
pieviously (1, 2) and will be lefeued to ab enzyme Piepaiation A The 
othei enzyme piepaiation (Piepaiation B) was obtained by the addition of 
yeast nucleic acid to a chaly/ed solution of Preparation A, followed by 
elution of the lesulting piecipitate w'lth a solution of benzoyl-L-aigimnamide 


Taulu I 

Action of Swint Kidney Enzyme Preparations on Synthetic Substrates 
Cysteine (0 001 si) was present in all cases, except where indicated otherwise 


Subslralc 

pll 

1 

Proteolytic coctGcicnt X 10** 

Crude 

cilraclt 

Prepara- 
tion A 

Prepara 
tion B 

Benzoyl-L-argmmamidc 

5 

1 5 

3 2 

8 9 

Glycyl-L-pheuylalaninanude 

5 


1 3 

2 ot 

b6 

Carbobenzoxy-L-glutamyl-L-tyrosmo 

5 

0 5t 

ot 

Ot 

Carbobenzoxy-L-isoglutammo 

5 

0 5 

0 

0 

Benzoylglycmamido 

5 

0 33 

0 

0 

Carbobenzoxyglycyl-L-phenylalanine 

5 1 

0 7 

2 0 

0 

L-Leucinamide 

5 

2 3 

3 3 

0 


S 

SG& 

2 6§ 

o§ 

Diglycylglycmo 

5 

67 5 

5 5 

0 4 


8 

22J 

1 7t 

Ot 


* The term “proteolytic coefficient,” as used in this table, has been defined pre- 
viously (10) as the first order rate constant (K^) per mg of protein N per cc of test 
solution 


t This represents a crude aqueous extract of fresh swine kidney, prepared as pre- 
viously described (1, 2) 
t No cysteine added 

§ 0 001 M MnSOj present, no cysteine added 

in 0 06 M citiate buffei (pH 4 3) The aiguune derivative may be assumed 
to act m the elution procediue in a mannei analogous to that of protamme, 
which has been used pieviously for the decomposition of protein nucleates 
(9) In the case of enzyme Prepaiation B, the eluted proteins aie fiac- 
tionated with ammomum sulfate, the fi action precipitated between 45 and 
75 per cent of saturation with ammomum sulfate being collected and 
dialyzed 

As will be seen from Table I, the paitial purification leading to Piepa- 
iation B has laigely elumnated the enzyme activity toxvaid caibobenzoxy- 
L-glutamyl-L-tyrosine (cathepsm I), carbobenzo\yglycyl-L-phenylalamne 
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(carbox'j'peptidase), L-leucinamide (aminopeptidase), and d]gl3 cj Ig]\ cine 
(tnpeptidase ( 11 )), as well as toward carbobenzo\3 -L-isoglutamine and 
benzo3dglycinamide On the other band, the cathepsm II actmt3' tow ard 
BiVA has been mcreased m the course of the procedure, as has the activit3 
toward GPA 

It ma3’’ be added that, in the presence of c3Steine, the h3drol3ais of GPA 
follows the kinetics of a first order reaction and that the pioteohtic co- 

Tvble II 


Action of Swine Kidney Enzyme Preparation B on Sutistratei of Chymotrypiin 
pH 5 (citrate buffer) 



Enzyme 



1 Hjdroly-is 

Substrate 

coacen- i 

1 Cjstcinc 

Time ' 



1 tration* 

1 

{ Titration j 

Nmhjdrm 


ms 

V 

krs 

t per cer \ 

j per cent 

Gl> cyl-L-phenylalaninamide 

0 074 

0 004 

I 0 6 

' 32 

1 


‘ 


o 

' 79 

4 


j 

1 


1 24 1 

111 

17 


\ 

None 

1 1 9 i 

29 

4 


1 


5~o 1 

49 

17 




. 25 8 

103 

44 

Gljcjl-r tjrosinamide 

0 074 

0 004 

I o 

74 





26 5 

99 

1 29 

L-Phen> lalaninamidc 

0 124 

0 004 

2 5 

3.3 





0 3 , 

63 ' 




None 

2 5 

12 





, 6 3 

22 


l-T> rosinamidc 

0 124 

0 004 

2 1 


1 11 




C 3 


36t 



Xone 

2 1 


7 




6 3 


10 

t Phenjlalanjlglycinamide 

0 074 

0 004 

1 7 

31* 

0 




24 2 

03 

IS 

L Tj ros 3 ’Iglj cinamide 

0 152 

1 0 004 

U 2 

35t 



* Expressed as protein N per cc of test solution 
t Crjstals of tjrosine separated liter 20 hours 


efficient ( 10 ) for the h 3 droh^,i 3 of this substrite In Prcpintion H i-> about 
30 times as great as the xaliie pretioiuh loiind for the ludroIx^L-. oi GP 
bv cr 3 ' 3 talline ch3Tnotr3psin 

Further studies on the proteol3tu ictuit3 ot uu\iiu Pruiaratum H 
showed that, in the presence of c3steine, there wa.> appreci ihle Indro^'L-, 
not oul\ of GPA, but aho of other stibstuues prctiou-h rccognizc-d to bt 
substrates for cnstilhne cb3'niotr3'psin In Table II tlurc ire presented 
date on the cleaxage of GTA, PA, TA, PG V, and TG V In order to dc- 
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teimine the site ot hycliolysitj oi tlie dipeptule amiclcd, the late of hydiolybis 
was followed by (itiatiou of the hbciatcd caiboxyl gtoups (12) as well as 
by the deteimuiatiou ot hee ammo acids (13) As \sill be noted from Table 
II, the hydrolysis of GPA and of GTA, m the piesence of cysteine, largely 
involves the scission of the bond involving the carbonyl group of the aro- 
matic ammo acid On piolongcd incubation, houc\ci, theie is observed 
some cleavage to yield lice ammo acids A clue to the natui c of the enzyme 
responsible loi the latter eltcct is picnided by expeiiments in which GPA 
was subjected to the action of Preparation B m the alisence of added cyste- 
ine Under these cncumstances, the rate of foimation ot tree ammo acids 
is notably more rapid This suggests tliat, m addition to a cysteine-ac- 
tivatable endopeptidase similar m specificity to chimrotiypsin. Prepa- 
ration B also contains an aminopeptidase whose action is inhibited by 
cysteine Recent studies haA'o shown that sovcmI aminopeptidascs aie 
activated by metal ions and are inhibited by substances, such as cysteine, 
w^hich form complexes wnlh metals (14) Fmthei woik is leciuiied before 
the relationship of the aminopeptidase acting on GPA to known ammo- 
peptidases can be adequately assessed It may be added that the dipep- 
tide glycyl-L-phenylalaiime is hydrolyzed by Prepaiation V, and that this 
action IS strongly inhibited by cysteine 
In addition to its endopeptidase action on GPA, Prepaiation B hydiol}- 
zes caibobenzo\y-L-tyios 3 dglycinamidc and caibobenzoxvglvcyl-L-tyiosyl- 
glycmamide Caibobenzoxy-L-tyiosine wms isolated from the enzymatic 
hydrolysate of the foimei compound by the pioceduie ilesciibed in (S) 
As pointed out pi eviousl}’', chymoti 3 ’’psm exhibits aminopeptidase ac- 
tivity toAvaid PA and TA .V similar action is showm by enzyme Piepa- 
lation B, and it is of interest that cysteine is an activator for these hy- 
> diolyses (Table 11) This behavior difteientiates the aminopeptrdase 
action on GPA, wdiich is inhibited by cysteine, from the splitting involving 
aminopeptidase action at the car bon Ad group of an aromatic ammo acid 
In Table II, there are also presented data on the hydrolysis of PGA and 
TGA by enzyme Preparation B It aauU be seen that, m the case ot PGA, 
extensive hydrolysis occurs at the CO-NH bond involving the caibonyl 
group of the glycine residue A similar result Avas noted for crystalline 
chymotrypsm (7), Avhich showmd slight endopeptidase action on PGA In 
the case of the SAAune kidney preparation, hoAvever, the endopeptidase 
activity appears to be considerably greater than the aminopeptidase action 
Attempts to sepaiate the endopeptidase and aminopeptidase activities 
of crystalline chymotiypsin were not successful (7), and the possibility Avas 
raised that this enzyme is a protein that exhibits tivo sepaiate enzjmatic 
specificities On the other hand, in the case ot Preparation B, partial in- 
activation of the armnopeptidase activit 3 '' toA\aid PA could be effected A\ath- 
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out any concomitant decrease m the endopeptidase activity toward GPA 
(Table IH) Furthermore, comparison of the lelative rates of hjdrohcH 
of GPA and PA by enzjTne Preparations A and B supports the conclusion 
that these ti\o substrates are split by chfferent enzjmies of svine kiclnej 
It may be added that, as m the case of GPA, the hj clrolj sis of P.k b\ these 
enzjune preparations follows the kmetics of a first order reaction 
The data m Table III clearlj’’ differentiate cathepsm II from the sume 
kidnej- enzymes that act on GPA and PA It ivill be noted that, after 
exposure of Preparation B to 52° for 30 mmutes, its actmty tov ard B.LA. 
decreased by 58 per cent, nhile the actmtj toward GP.V remained un- 
changed As a result of this treatment, the action on PA was decreased 
by 26 per cent Experiments are m progress to determme whether the 

Tcble III 

Partial InacliLalton of Swine Kidney Enzyme Preparation B 
A dialyzed solution of enzyme Preparation B was wanned to 62^ for 20 mmutes and 
then chilled in ice w ater The resulting enzjme solution is referred to as Preparation 
Bi Another aliquot of Preparation B was warmed to 52° for 30 minutes and then 
chilled This enzyme solution is termed Preparation B- The bjdroljtic experi- 
ments were conducted at pH 5 (citrate buffer) and in the presence of cjoteine 
(0 004 m) 


Substrate 

1 Pfoteob tic coemucat 

i Preparation B j Preparation Bi | Preparation B 

Gljcyl L phenylalaninaraide 

0 071 

0 072 

0 068 

L Phenjlalaninamide 

0 0068 

0 0016 

0 0050 

Benzoyl l argininamide 

0 0078 


0 0033 


relatne heat stability of the chymotrxpsin-like endopeptidase of swme 
kiclnev extracts can be used m the furthei purification of this enzxTne 
Action of Enzyme Preparation B on Proteins — Vdeantage lias been taken 
of the axailabihty of the partially purified cathepsm Preparition B to test 
its action on protems It was of interest to find that no ipprcciable cleu- 
ige of the peptide bonds of gelitin or of ^-lactoglobiilin oxurre-d in the 
ibscnce of added cysteine V> will be iiottal from T ible I\ , tlu -e iirotciii.' 
were readily split m the presence ol lystcine AMicn Pupiniion B w o 
w irmed to 52° for 30 immites, the rite of protein li\drol\?i', u, nicaaurxl 
by the liberation of anuno mtiogen, i- inarkedh ilcirci-cd I he d ita in 
Tible lY show that the exdent of inutuation ot the cnzMiics aiting on 
gelatin and iS-lactoglobulm is smular to the extent of inactn ition of cathep- 
'iii II Since the chymotrypsin-like endopeptidase of swanc kidiit x is actu i 
111 the ili-eiue of iddcal cxsteine ind i- ~t ible it 52°, n mix be 'iirniL-iil 
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that tlub enzyme plays a beeundaiy lolo m the liydiolybis of the two pro- 
teins undei study Tlie data m Table I\ suppoit the view, therefore, that 

Taull XV 


Acltoa of Swmc Kidnoy Enzyme Prtparalton B on Proteins 
Couceiitratioii of protein aubstratca, 0 19 mg of protein N per tc of teat solution, 
pXI 5 (citrate buffer), ejatemo (0 OOi v) 


Enzyme, 
protein N 
per cc lest 
solution 

1 

Increase in Nit 

-N in 3 hra ' 

1 

» 

1 


1 

Inacti 

%alioa 

Control 

[ Inictivaledt 


1 

Inacli- 

aaledt 

Gelatin 

P Lacto- 
globutin 

Gelatin 

1 p Laclo- 
globubn 

■mil 

vts 


ms 

1 

per cent 


■i 

per cent 


0 089 



1 

37 

1 00 


40 



I 0 043 

1 ! 
1 

[ 0 022 

49 

! 1 85 

m 

53 

1 


* The hydrolysis of the proteins was followed b> means of the Van Slyke nitrous 
acid method The results are e\pre83ed in terms of mg of ammo nitrogen per cc of 
lest solution 


t The enzyme solution used us the control was heated to 52° for 30 minutes, as 
described in Table III 


Tvbll V 

Effect of Crystalline Trypsin Inhibitor on Hydrolysis of Benzoyl-L-argininamide 

by Trypsin and Cathcpsin II 


1 

Enzyme | 

Inhibitor* con- 
centration per cc 
test solution 1 

X'UAVXW 

1 

1 Inhibition 

I 

1 



( per cent 

Crystalline trypsin (0 026 mg pro- 

0 

2 b 

1 

tern N per cc test solution)! 

0 0226 ; 

1 1 s 

31 


0 015b 

1 3 

50 

Swine kidney Preparation A (1 40 

0 

2 5 


mg protein N per cc test so- 

0 022b 

2 6 

0 

lution) t 

0 0456 

2 6 

0 


* The authors are indebted to Dr M Kunitz for a 3 times crj stallized sample of 
this material 

t Tested at pH 7 5 (phosphate buffer) 

X Tested at pH 5 (citrate buffer) and in the presence of cysteine (0 004 u) 

cdthepbin II IS able to hydrolyze the peptide bonds of proteins such as gela- 
tin and /3-lactoglobulin 

Effect of Ci'ystalhne Soy Bean Inhibitor on Trypsin and on Cathepsin II — 
Kunitz (15) has isolated from soy beans a crystalline protein which inhibits 
the action of pancreatic titrisin on proteins The data in Table V show 
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that this inhi bitor also decreases the rate of action of trjpain on At 

comparable levels of inhi bitor concentration, hoi\e\er, no dimmution of 
cathepsm II activity on BAA can be obsened This difference m the be- 
havior of the tn o homospecific enzymes (trj'psm and cathepsm II) may be 
added, therefore, to the pre\aously recogmzed differences in their pH optima 
and response to activators such as cjsteme (2) 

EXPERIMEXTVL 

Swiiie Kidney Enzyme Preparation B — 5 gm of Preparation A (1, 2) were 
dissolved m 25 cc of distilled water and dialjzed agamst distilled water 
for 12 hours The precipitate which appeared was remo\ed b> centrif- 
ugation and the supernatant was diluted to 50 cc To 45 ec of this so- 
lution there w’as added an aqueous solution of j^east nucleic acid (550 mg 
in 22 cc , pH 6 5) 0 5 ii acetic acid was then added with mechamcal 

stirrmg imtil the pH was 4 2 to 4 3 After the mixture had been allowed 
to stand at 5° for 12 hours, the precipitate which had separated was filtered 
with the aid of 200 mg of Filter-C'el, and stirred w ith 30 ct of ice-cold w ater 
The suspension was centrifuged at once and to the precipitate there were 
added an aqueous solution of BAA (20 8 mg m 0 5 cc ) and 10 cc of 0 Ob 
M citrate buffer (pH 4 3) The mixture was stirred at 42° for 10 minutes, 
centrifuged, and the sediment reextracted with fresh solutions of B.LV and 
of citrate buffer The eluates from both extractions were combined (\ol- 
lune, 21 cc ) and there were added, with stirrmg, 5 8 gm ot ammomum 
sulfate The resulting precipitate wa^ centrifuged off, and to 20 cc of the 
supernatant there were idded, with stirring, 25 cc ot -aturited ammonium 
sulfate The precipitate w collected bi. centnfugation uid di-sohed in 
10 cc of ice-cold water 4 he cuzjine solution was then chah zed agamst I 
per cent sodium chloride loi 18 hours 

Enzymatic Studies — ^The methods employed m lollowing the rate of In- 
drolj^is of the synthetic siibstrite-. were the same i- thO'C described m (7), 
except that the temper cm re w is 38° in ill c I'C" The •'jnthcsis oi the 
peptides and peptide deri\ itncs used in the present stiuhes his been de- 
scribed m precious papers ot thi- series 

sCWIil-CPI 

There has been obtamed, trom iqueoics swine kidncc extract', a partuilh 
punfied enzjme preparation winch hxdrohzes -xiithetic peptide denx i- 
tixes prenoush loimd to be substrates lor cr^stallint chxnnotrx'psin E\i- 
dence li is been offered for the presence, m such purified preparation-, of m 
cndopepticlase ind an iniinopeptidase which, m the prc-'cnce of cx-tcine, 
hj droh ze peptide bonds im ohnng the carbonx 1 group ot txTOsme or phenx 1- 
ilanine This chxnnotrj'psm-like action mu be dilunnti uchI from the 
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iiyp&iii-like of catlicp-^m II, aIm) picsent m puiifictl swino kitlnej 

piepaiations, by a maikcd dillcicnoo m then btuhilit^ to heat 
The pai tially puufied bwino kidney' piepaialion hydioly/e-? peptide hondb 
oi pioteius (gelatin, /^-kictoglobulin) and the available eiidence suggests 
that cathepbin II may be involved in tin-, action 

The ciybtalhnc liypbin inhibitoi fioin so> bean^ lias no eltcct on the 
action of cathepbin II on ben/oyl-L-aiginin.imide, all hough it inhibits the 
hj'^di ol 3 '^sis of this snbstiate bj'’ ci^stalhne tnp-'iii 
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Arginase appears to be one of the first enzymes which as studied m cell 
nuclei isolated on a relatnely large scale by physicochemical methods 
This enzyme was measured m isolated nuclei of li\ er cells by Behrens (1) 
i\ho reported that the arginase activity per dry i\ eight of isolated nuclei was 
about equal to the arginase actmty of cjdoplasm per dry weight m the case 
of mammalian liver It was reported later from this laboratoiw' (2) that 
the activity of arginase per dry weight of nuclei isolated bv a different 
method from rat liver was 40 to 50 per cent of its activity per drv weight of 
whole rat liver Recently the method of isolatmg nuclei of rat liv er which 
was piev lously used m this laboratory has been improv ed, chieflj bj better 
control of the pH and by employmg a low temperature throughout the 
isolation procedure^ (3) It w as discovered that the arginase actmty of a 
sample of nuclei isolated from normal rat liver by the improv ed method w as 
considerably higher than prevuously reported, and therefore it appeared 
desirable to leinv estigate the question of the actmtj of this enzjTue m 
isolated liver cell nuclei jMoieov^er, it has recently been possible to extend 
the improved method of isolatmg liver cell nuclei to kidnej and pancreas, 
ind therefore it has been possible to extend the work on arginase to nuclei 
Isolated from these two tissues The chief results of the new investigation 
are (a) that the actmtj of argmase per drj weight of nuclei isolated from 
rit liver cells is slightly higher than the corresponding activitv per drv 
weight of whole rit liver, (6) that the arginase activitj’ of nuclei isolated 
from dog, limb, i it, or chicken kidnev is negligible, although argiruise ac- 
tivitj can be meisured m the whole kidney of all of the-e specie^, and (c) 
til It the argm i‘^ activ itv of whole chicken lu er ind whole sheep pancreas, 
IS well as of nuclei isolated from these tis'iie^, is extremelv low or zero Kx- 
periments also have been i irried out to determme whether the irgma-e of 
isolited liver cell nut lei is an integral part of the nucleus, or whether it is 

' The lucthod described m this paper lor isolatinj, cell uuclei Irom do„ or laiab 
kidnej IS Cbseiitiallj tiic same is the improved nuthod for isolating cell iiutlei fro u 
rat liver (.3) V few 1 ivers of fiiu iheese cloth can be substituted tor the I’atirel used 
in straimn„ the kidnej preparation and the material need In passed through this 
cheese cloth oiilv once Viso, one sedimentation is sulTicit iit for rt lovin,; vvlole 
cells ind fitx.r from the liver cell nuclei 
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meiely acquired by adboiptiou oi chemical combination fiom the cyto- 
plasmic aiginasc dining the piocess of isolating tlic nuclei It has been con- 
cluded fiom this pait of the woilc that m all piobability the arginase is an 
mtegial pait of the nucleus 


UXPERIiMCNTAL 

Piepamtion of Isolated Nuclei of Rat Livo Cells — ^The method described 
elsewheie* (3) was employed 

Pi eparalton of Isolated Nuclei of Kidney (Dog, Lamb, Rat, and Chicken)— 
Most of the medulla of the kidneys is lemoved and us much fibious tissue as 
possible is removed and discarded The kidneys are then cleaned of 
ddbns and are fiozen m the freezing compai tment of an electric refrigerator 
50 gm of fiozen cleaned kidney aie cut into small pieces and blended in the 
Waring blendoi- for 10 seconds with 100 ml of ice-cold distilled ivater 4 2 
ml of 0 1 M citric acid aie added dining the no\t 10 seconds of blendmg 
The suspension is filteied immediately thioiigh one layer of fine cheese- 
cloth, the residue on the cloth is washed with 25 ml of ice-cold distilled 
water The filtrate is then lefiltcicd thiough one layei of fine flannel 
During the filtration the suspension must be kept cold cither by using an ice 
bath or by working in a cold room The filter mg mixture may be agitated 
with a stirring rod but the residue should not be scpieezed out at any tune 
The total time of filtration should not exceed 15 mmutes The filtered 
material is blended foi 5 minutes During this time 125 gm of ice are 
added The final temper atuie should not exceed 5° and the pH should be 
between 5 8 and 6 0 Then the suspension is filtered thiough two layers of 
fine cheese-cloth and placed m two 250 ml centiifuge tubes and centrifuged 
at appioximately 2000 r p m for 20 minutes The supernatant is decanted 
up to the loosely packed sediment and discaided Now the sediments of 
the two cups aie combined and thoioughly stiried with enough ice-cold 
distilled water to make a total volume of approximately 200 ml The sus- 
pension is then centiifuged in one cup for 15 minutes at approximately 1700 
R p M The supernatant is decanted fiom the packed material and dis- 
carded The washings with 200 ml of ice-cold distilled watei aie repeated 
twice and the suspensions aie centiifuged at appioximately 1400 and 1000 
R p M for 10 and 7 minutes lespectively After the last washmg, the sedi- 
ment consists of only nuclei, fibei, and some veiy fine pai tides The sus- 
pension IS made up to 100 ml with ice water and sedunented m a sediment- 

* The speed of the Waring blendor is fairly critical The old style blendor which 
draws 2 amperes of current operates at the correct speed, but the new style blendor 
which draws 3 amperes must be operated with a rheostat in series which reduces the 
operating voltage to about 95 volts, in order to avoid disintegrating the nuclei them- 
selves 
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iDg apparatus (Fig 1) for 2 hours m the cold room At the end of this time 
the top 95 ml are separated from the 5 ml at the bottom and centrifuged 
for 5 minutes at appro\imately 1000 r p m The nuclei are suspended m a 
small amount of ice-cold «ater and e\amined under the microscope 



Tig 1 Sedimentation apparatus t 100 ml graduated c\ Under with bottom rt 
moved, eemented to a ground glass plate, B lower ^round glass plate with circular 
hole of the same diameter as the hole in the upper plate eemented to a graduated oO 
ml svringe, 3 upper ground glass plate with a circular hole oi the diameter of the 
graduated cj Under, displace ible laterallj in order to imprison thi scdiniented ina 
tonal, 4, 50 ml graduated svringe with bottom removed cemented to the lower 
ground glass plate and to be mounted iii some suitable supporting frame , 5 [ilun^i r 
of the svringe for adjusting the volume of heavv sediment to be removed 

hiloulcl the piepiration still he eont iminatocl with fiber, the 'eefirnent itiuri 
liio^cdure must he repeated, this time with onh 50 ml of 'ii'peiision, allow- 
ing the m iton d to undergo sediment ition for onlv 1 hour (in the cold room ) 
If uu fine pirtieles rem tin ifter stelimcnt ition, thev ire removed hv eeii- 
tnfuging with 200 ml ol it t -colei w iter it 700 to 1000 v v vi 1 hi- pro 
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(C'diiu' unloituii.iU'h nia\ also ( ausc some ot Miuillci juuki Tlio final 

scdimonl, consist mo; of isolated mu lei, should he smsik nded m u small 
amounti ol ue-iold ledisl tiled watei and pl.ned in the leli iifeiatoi 

V pholof-i iph ol do- kldn(>^ ,ell nm lei piipiud ns desnihed alnno b 
shown in Ki- 2 

PKpaialioii of fsolubil V„(l<i iioiii ChnUn /wiii -These ueie piepaiecl 
with (he use ol the Waiin- hlendoi in the same mannei as toi the piepa- 
lation ol othei li\ei nm lei 1 he nm lei weie \ ei \ tiie horn i \ toplasm and 
quite small m si/e 



Fig 2 Pliotofiraph of dog kuliiej (oil ihkIim 


Piepmalton of Isolaled Cell Yudnfwm Slncp Pane ca,~Es.ontu]W the 

same method wms used as is desmbed aho\e toi the piepaiation of nuclei 
II om dog and sheep kidnej^ 

Method of Deleimmmg .4,pjnas,,_The pioceduie pieviously employed in 
this laboiatoiy (2) was used, with slight modihcation ot washino the di\an- 
thyl uiea only once wnth 50 pei cent acetic acid and once w ith w Ttei , instead 
of twnce wnth 50 pei cent acetic acid and twice with watei Vlso,’in most 
cases a substiate concentiation of 3 pei cent aiginine caibonate was used 
instead of 1 pei cent aigimne caibonate The lelationship between the 
mg of dixanthyl uiea pioduced by a given amount of hvei homogenate oi 
of nuclei with 3 pei cent substiate and that pioduced by using I'^pei cent 
substiate is essentially lineai, as is shown in Fig 3 All wemhts of clixan- 
thyl uiea obtained wnth 3 pei cent substiate w^eie conveited by the cuive in 



A L BOUNCE AND G T BEYER 


863 


Tig 3 to ^eigMs of dixanthyl urea that would have been obtained with 1 
per cent substrate, and the values of K per gm for arginase which appear m 
Tables 1, 11, and TV were calculated on the basis of 1 per cent substrate, m 
order to obtain results which are comparable to those previously published 
(2) Although the use of 3 per cent arginme carbonate gives someishat 
greater amounts of dixanthyl urea than does 1 per cent arginine carbonate, 
we do not think the waste of substrate is justified and recommend the use of 
1 per cent substrate for this reason In order to change the kmetics of the 
reaction from first order to zero order, which is always a desirable procedure 
m enzyme work, it would be necessary to employ substrate concentrations 
of 5 per cent or higher 



MG DIXANTHYL UREA USING 
3 PER CENT SUBSTRATE 

Fia 3 Relationship beti\een K values of arginase obtained with 3 per cent 
arginine carbonate and those obtained with 1 per cent arginine carbonate O, v aluea 
obtained without MnSOi, A, values obtained with MnSOi 

I 

In determimng the arginase actmty of isolated rat liv er nuclei, 0 1 ml o 
a suspension contammg about 8 to 10 mg of nuclei (dry weight) per ml was 
added to the arginme carbonate In determimng the activ itj of whole rat 
liver, 0 2 to 0 3 gm of liver was homogenized in a ground glass homogenizer 
of tlie design shown m Fig 4, with 5 ml of water 0 1 ml of the suspension 
which contained 12 to 15 mg (dry weight) per ml was added to the argimne 
carbonate solution The arginme carbonate was prepared by adjustmg 
arginme monohydrochloride to pH 9 0 w ith sodium carbonate 

In working with tissues other than liver, more concentrated suspensions 
were used and m some cases (nuclei of kidnej cells, pancreas cells, and 
chicken liver) the reaction w as allow ed to proceed for 1 to 3 hours In cases 
m which hInS 04 was used as an activator, this was added as 0 1 ml of a 1 
per cent solution 

It should be pomted out that m all cases m which nuclei were isolated 
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fiom Kit Iivei iivc to si\ Itvoib iveie pooled (o give 60 gm of nutcrial from 
whitli the nuclei weie obtained Thus each value loi the K pei gm of 
isolated nuclei of lat hvei cells m a way icpicsents an uveiage value for fne 
01 bi\ liveis In woiking with uiL Ividney, a much l.iigci nunibei thanav 
kidneys \vas used With dog kidney, howi'vcr, the kidneys of only one 
animal wcic used fn the case of lamb .md ihicken, two p.uis of kiilneya 
wmie used 

Appioximately ecpial numbeis ot male and female lats were used mdeter- 
mimng the values of K pei gm ot the wliole luei homogenate and in making 



Fig 4 Ground glass homogeiii/cr 1, Pyre\ glass honiogcnuer tube, bottom 
of homogenizer tube, ground to fit the pestle, 3, short glass lod held m the chuck of 
the stirring motor, 4, rubber or Tygon connecting tubing, o, Pjre\ glass rod, 6, 
rubber or Tygon connecting tubing, 7, pestle ground to fit the bottom of the homog- 
emzer tube, ivith grooves on side ind bottom 


a given sample of nuclei, but m geneuil no attention was paid to the sex of 
the animal in a given deteimination 
Analysis of Isolated Nuclei fjom Live) Cells fo) Metals — sample of lat 
livei cell nuclei of 86 mg of diy weight was ashed m the muffle furnace and 
the ash, which weighed 1 mg , was digested wnth a sniiiU amount of con- 
centiated H2SO4 Most of the H2SO1 was then giadually leplaced by 
HCl with evapoiations neaily to diyness, and finally the residue wms 
taken up m 2 ml of distiUed watei A small amount of mateiialtvhichi e- 
mained undissolved and which piobably contained a high peicentage of 
silica was discaided, and the supeinatant solution wms analyzed spectro- 
graphically for the metals by Di L T Stedman of the Atomic Eneig}^ 
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Project (see Table III) The values m Table III are calculated on the 
basis of gm of the element per 100 gm of nuclei (dr> « eight) 

Results of Determination of Arginase Activities oj Various Whole Tissius 
and Isolated Cell Nuclei — ^Table I mcludes a number of determinations of 
arginase m whole tissue homogenates from rat and hen hi er and dog, lamb, 
rat, and hen kidney The results of determinations of the arginase actm- 
ties of ceU nuclei isolated from these tissues also are indicated The distri- 
bution of the values for arginase actiiity in normal rat liter homogenate, 
determmed on fifteen different livei samples \athout the addition of 
manganese, is shown m Fig 5 


Tcble I 

Aclwily of Arginase Expreased As K* Per Gm of Dry H eight for T arious Whole Tissue 
Homogenates and Isolated Cell Xuclct 


T>T)e of material 
studied 

Noniul rat U\crt 

^Rcffcneratins 

1 rat liverf 

j 

1 1 
Hcq t 
Iner ^ 

1 

Rat kidne> 

M 


Sheep 

pan 

crcaa 

Whole tissue 

4 9 (15) 

3 7 (1) 

1 0 

0 09 

1 Trace ,0 029,0 4ll 

0 





0 13 


1 ‘ ; 



7 ef (6) 

, 5 4t (1) 


0 11 Average 


1 


Isolated cell 

S 7 

10 1 

0 

0 

0 

0 0 ! 

t 0 

nuclei 

9 2 

' 




1 

, 1 



8 9 

1 




i 1 ! 

1 



7 4 

1 





1 ; 

1 


I 8 6 Vverage | ^ i 

* K — Ift logio 1/(1 — x), ^ihere t = reaction tune in minutes, 1 = mg of dccan- 
thyl urea that would be formed from complete hjdroljsis oi substrate, and z = mg 
of dcxanthyl urea found in ei'penraent 

t The figures m parentheses denote the number of experiments 
t MnSOj added as an activator, all other results are without the addition of 
MnSO. 

The data m Table II show that the argimise ol whole liver is not lullj 
ictivated wnth manganese, since the addition of mang inous -ullate increasea 
the activity verv markedly In most of these experiments 0 1 ml of 1 0 
per cent MnSOi vvas added to the 1 ml of arginine t irbomite med lor sub- 
strate, prior to addition of the whole tissue or nuclei 

The addition of manganous sulfate to isolated liv er cell nuclei on the other 
hand does not increase their arginase activity at ill This is true even .’Lcn 
the nuclei are allowed to remain in dilute MnSOi -olution bc’ore adding 
them to the substrate It scems likely that the irgmise of the cell nuclei 
IS quite well liberated from the nuclear residue at pH 9 0 m arginine car- 
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bonate, tbeiefoie it appeaib piobable that theie is sufficieut metal in the 
isolated ^nuclei to activate the enzyme completely, although this is not tiue 
for whole livei homogenate 

If the assumption is made that isolated cell nuclei aie about 70 pei cent 
vatei, it can be calculated fiom data given m Table II that the manganese 
concentiatiou m isolated li\ei cell nuclei is appio\miately 6 X 10“^ M 



CLASS INTERVALS OF K PER GRAM 

Fig 5 Distribution of values for urgiiusc ittivitj of normal rat li\er homog- 
enates not activated uitli MnSOi, expre-ibed ns \ulues of K per gm of liomogenatc 
(dry u eight) 


'fvilLE II 

Effect of Manganouiy Sulfulc in Acltvaling Argina^c in Whole Rat Lnti Homogenate 
The values listed in each row across were obtained on the same liver homogenate 


Without SInSOj 

With JlnSOi 

' I’tr ecul acU\aUon 

K per iin 1 

A per £m 


5 2 

b 1 

21 

4 I 1 

0 7 

52 

1 3 

6 9 

G3 

3 4 

5 5 

61 

3 0 

1 1 

35 

3 8 

7 5 

06 

Average 4 0 

6 2 

56 


This concentiation of manganese might be sufficient ioi actuation of all of 
the aiginase in the nuclei even if none of the othei metals vhich aie listed 
in Table III as bemg piesent in the nuclei contubute anything to the metal 
activation of aiginase 

The aiginase activity of isolated lat livei cell nuclei decays lapidly for a 
tune and then remains at appioximately a constant activity when the nuclei 
aie kept at +3° in the ice box, suspended in distilled watei Decay ciuves 
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for three samples of nuclei are shown in Fig b These cur\ es show that the 
nuclei must be freshly made if maximal argmase activity is to be obtamed, 
and also that manganese does not affect the decaj cun e appreciabh The 
values listed in Table I for the argmase actinties of isolated cell nuclei are 
for freshly prepared nuclei, not more than 6 hours old if the time is counted 


T^-bce III 

Metals in Isolated Cell Nuclei oj Rat Liter 



Element 

* P« cent m lat hi er cell n.du 

Cu 


‘ 2 5 X 10-- 

A1 


1 7 X 10-- 

Fe 


1 1 X 10-- 

Mg 


7 0 X 10-^ 

:Mn 


' 1 4 X 10-5 

Zn 


1 2 X 10-5 

Ca 


2 3 X 10-‘ 



Fig 6 Dcca\ of argmase m isolated cell nuclei preparations V ''atnpk 1, 
without MnSOi, O, Sample 2 without MnsO» □ Sample w itii MnsOi, A, Samph 
3, without MnSO< 

from the moment the frozen liter i> added to the ^\armg blendor It i-> 
assimied that the argma^ m the tell nutkt does not ilccat apprttubh be- 
fore the isolatiou of the nuclei while the liter is being irozen -met this 
ippeara to be true for the whole tissue 
Ihe results guen m T ible I diott th it the atcrage talue tor A jxr gm oi 
cell nuclei isohteel from normal rit liter is S G, while tla ittragc t li’c oi 
K per gm of whole nomul rit liter homogenate alter utit uion with 
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MuSOjj IS 7 6 This hittei Aaluc was calcuJatcd by applying the average 
pel cent activation caused by MnS 04 ni the si\ cxpeiiments shown in Table 
II to the aveiago value of the aiginasc K pci gm foi vholc lat livei homo- 
genate given m Table I and calculated fiom the fifteen determinations on 
difteient livei samples foi each dctcimination (This aveiage value is 4 9, 
(4 9 X 0 56) -f 4 9 = 7 6 ) The value of K pci gm of 7 6, thus obtained, 
IS highei than the aveiage value of 6 2 obtained diiectly fiom the data m 
Table II, but the values of K pei gm without adding MnSOj, which aie 
given m Table II, jucld an aveiage value w'liuh is consideiablj lowei than 
that obtained bj'' aveiaging all of the fifteen detcimmations 

Biiefiy then, the aveiage K pei gm of aigmase in cell nuclei of lat liver 
is about 113 pel cent of the value of completely .ictivatcd whole rat liver 
homogenate, the values of K pei gm foi dog, lamb, lat, and chicken 
kidney aie ver}'’ much low'oi, and the value of K pei gm of cell nuclei 
isolated fiom the above tissues is negligibly small compaied to that of rat 
livei 01 cell nuclei of lat livei 

No attempt w^as made to deteimine A\hethci the tiacc of piecipitate 
obtamed wuth cell nuclei of the lattei tissues was due to a veiy small but 
leal aigmase activity oi w'hethoi it was an aitifict due, foi example, to bac- 
teiial action We can state that K pei gm of these nuclei was at the most 
not gieatei than 0 002, oi 10 pei cent of tlie a\oiago value for lamb kidney 
The time of incubation lequiicd to get enough uiea to give any visible 
dixanthyl uiea piecipitate wxis so long that bacteiial giowdh must have 
occuiied ill at least some cases The values foi the whole kidney homo- 
genates lepiesent leal values foi aigmase activity, as anyone acquainted 
with the liteiatuie on the deteimination of aigmase w'lll no doubt concede, 
but we do not claim that oui method of detei mmat ion gives veiy accurate 
lesults in the case of kidney homogenates in which the aigmase activity is 
quite low 

Expenvients Relating to Possible Adsoiplion of Cytoplasmic Arginase by 
Cell Nuclei — A quantity of nuclei isolated fi om dog kidney and calculated to 
weigh 18 6 mg , if diied, w^as centiifuged fiom an aqueous suspension and 
was lesuspended in 2 ml of paitially puiified, soluble beef livei argmase 
solution having a monomoleculai leaction velocity constant 7v of 2 2 pei ml 
(This lepiesents a faiily stiong aigmase solution ) The aigmase solution, 
which was water-cleai and neaily coloiless, and w'hich contamed a small 
amount of MnSO^ as activatoi, had been piepaied pieviously fiom beef 
liver 

The nuclei were recovered by centiifugation fiom the aigmase solution 
after havmg been suspended in it foi half an houi and weie w'ashed sex times 
with distilled water The K pei gra (diy weight) of the recovered nuclei 
was Oil By referring to Table I it can be seen that the nuclei had gamed 
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an appreciable amount of argmase activity, but on a drj v eight basis their 
activity w as only 1 3 per cent of the activity of nuclei isolated from jnt 
liver cells 

This experiment t\as repeated, vuth more dilute beef liter argmase, in 
order to duphcate more closely the argmase actmty of the supernatant of 
rat liver homogenate used for isolation of cell nuclei A quantitx of nuclei 
from lamb kidney calculated to t\ eigh 4 mg , if dried, v as suspended for half 
an hour in 1 ml of argmase solution havmg a monomolecular reaction 
velocity constant fC of 0 03 per ml The nuclei t\ere recot ered bj centnlu- 
gation, tt ashed sl\ times with distilled ttater, and the argmase concentration 
was determined The K pergm of nuclei, on a dry tt eight basis, ttas 0 2S, 
tthich indicates that the nuclei had an activity of onlt 3 3 per cent that of 
cell nuclei of rat liver, on a dry tt eight basis 

Another experiment ttas carried out m tthich the argmase ttas added to 
the homogemzmg material m the Warmg blendor 1 mmute before homogen- 
ization ttas stopped In this case the argmase concentration ttas adjusted 
so as to be of the same order of magnitude as the concentration of argmase 
in the clear supernatant from the rat liter homogenate after centrifuging off 
both the nuclei and the insoluble cell granules m a high speed centntugc 
This procedure ttas adopted because it ttas found that much of the oto- 
plasmic argmase in the case of lit er remamed bound to tt tophsmic grinules 
at the pH of the isolation of nuclei (6 0) This bound portion of the 
argmase therefore ttas discarded tthen the nuclei ttere freed fiom the 1 i^i 
contammatmg granules 

After addmg the argmase to the suspension of lamb kitlnej m the anng 
blendor, the lamb kidnet nuclei ttere isolated as usual, and their irgiiutt* 
activity ttas measured Again appreciable argmase had combined ttith the 
nuclei , its concentration in the nuclei amounted to K per gm of 0 52 This 
IS, hottever, only 6 per cent of the argmase actitity of nuclei isolated from 
rat h\ er 

Fmally the axpenment described last ttas repeated exactl} , except th u 
chicken liver tt is used instead of lamb kidney In tin-) case no detect ibh 
iniount of irgmase appeared m the isolated nuclei 

The results of the experiments on the possibility of adsorDiion ot irgnm-c 
by cell nuclei from the cytoplasmic argmase are summarized m f iblc 1\ 

If cell nuclei of rit liter behatc similarly to cell nuclei of dog and lamb 
kidney and chicken lit er, it is unlikely that a transfer of dissolt cd enzyme 
from the cytoplasmic miterul to the nuclei during isoluiun oi the nuclei 
could be of sufficient magnitude to affect the qu mint of rzin i-c in tl i 
nuclei ipprccubly It also ippcars unlikely that limb arginast, ttould 
belute m i significantly dilTercnt manner tottards lamb cell nuclei than 
ttould beef irgmase If try stalline argmase should become at ai'abk in c 
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futmc, howevei, it might bo a\oiUi while lo cany out in c‘\penni('nt on 
“adsoiption” of aiginuse by nuclei with the homologous enzyme 
Possible Adsoiplion of Auiinasc bij Cell Graniila , — It maj be of mteiest to 
those woiking on isolated cell granules to know that tlu* amount of added 
aigmase taken up oi adsoibcd by the cytoplasmic gianulc'^ was nogligilile in 
the c\peument m which the diluted liecl liyei aigiini'-e was added to tlu 
homogenized lamb kidney m the Wai mg blendoi In this w oi k .i ■'.iinple ol 
the gianules (all sizes taken togcthei) was obtiimcd by (eninliigation in the 
cold at 18,000 it v m The supeinatant solid ion, which w'as pin lei lly i loai, 
contained inactically all of the added aigmase 


Tvuia l\ 


{ilsorptioii of lif/i/iusc hy Cill \iiiIli 


Aigmase activity, k ptrgm (hi/uiighl 
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livei nuclei 
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0 ■)> 

0 
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ll () 
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mscusbioN 

It has been demonstiated in the foiegomg p<u igi.iphs that, the aigmase 
content of the nuclei ol lat livei cells is m all piobability is high oi highei 
m concentiation than it is in the (bioplasm The studies on whole luoi 
can be taken to appio\imate cytoplasm, since the amount of nucleai nvv- 
teiial in a wdiole livei homogenate cannot be moie than 10 pei i ent on a cln 
weight basis, as can be deduced fiom the stuihes of IMaisluik (t) One of 
the simplest possible exphmations of this finding is that the enzj’ine aigmase 
IS synthesized m the cell nucleus and then passes out into the cytoplasm 
It appeals to us that the aigmase located in the li\ ei cell nucleus is not likely 
to Imve any functional significance peculiai to the cell nucleus, since this 
enzyme appeals to fulfil a special lole m metabolism m the foimation of iiiea 
which m animals is limited to the hvei Fiutheimoie, the substiates foi 
luea foimation must to a laige extent come into the liyei cells fiom the cn- 
ciilation, and thus they have to leach the cytoplasm befoie penetiatmg to 
the nucleus It is entiiely possible that the concentiation of aigiiime in the 
nucleus may foi this leason be veiy low compaied to its concentiation in 
cytoplasm wheie piesumably the bulk of the iiiea foim<ation is occuiimg 
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For this reason the nuclear argmase may have httle or no substr ue to act 
upon 

It has also been demonstrated that the argmase activity of nuclei isolated 
from kidney cells is negligible, although argmase actmt}’ is easilv demon- 
strable m whole kidney tissue 

It has been suggested b 3 ' Ivochakian (5) that the argmase of kidnej is m 
leality a transamidmase v\hich is responsible for the formation of gljcotv- 
amme and which accidentally possesses weak argmase activity The fact 
that liver argmase is enormously higher m activntj" than kidney argmase 
lends strength to this idea It is hard to imagine that such a small amount 
of argmase as occurs m the kidnej' can have any functional significance 
unless it is concentrated in a limited number of cells If mdeed the so called 
kidney argmase is not a true argmase, there is no reason a priori to predict 
its presence m kidney cell nuclei, since even m the case of liver we have en- 
countered ermnnes sucli as choline ovadase (6) ind succmic dehj drogenase’ 
(2) which are present in v’^ery low concentration or absent in the cell nuclei 

The chief findings of interest m this work are, therefore, that the enzjme 
argmase appears to be a real constituent of nuclei of lat liver cells, and that 
it IS piesent there m as high or higher concentration than m the cv toplasin 
The latter finding indicates the possibility that argmase mav be synthesized 
in the cell nucleus, particulaily when one realizes that theie may be little or 
no substrate for the enzyme to work upon in the nucleus 

SUMM-VRl 

1 Cell nuclei have been isolated by an improv ed method from normal rat 
liver, normal clucken hver, normal dog, lamb, rat, and elm ken kidney, ind 
normal sheep pancreas, and the argma'-e activ ifies of the cell nuclei isolated 
fiom thes; tissues hive been compared 

2 The aigmase activity per dry vreight of cell nuclei isolated trom nonmil 
1 it liver Is now found to he about 113 per tent of the ictivity of normal 
whole rat liver homogenate when the latter is attiv ited by the addition of 
Mnb()| MnSOj does not increase the argiiu^ activity of nuclei isolated 
from norm il rat liv er 

’ Heti lit ri petition of uork on sUccinic dthj tlrObCnosi uitli it II nuclti ol r \t Imr 
ibol licit In lilt improccii method (i) has confinnid our i irln r ri -ulla iJi that tin 
iLtniti of this cnzi me IS negligible in the nuclei coinpari d to It' itiuiiv iiilii iloli 
liver homogin lit Jloth the VV irburg ttchniijut ind llu nutlnlim lilui uilninjui 
igiin wire U'td Vs btfori ( 2 ) cv tocbronic ovidasi was found lo bt p i-tnt i i in 
ipprttiibk amount, although a careful rcmvistif,alion of its cjuantuati.o "c'l.itv 
has not vet been made We wish to thank hrcdenck G m ith lor iirtin at i ^ t’t 
cvtochromc ocnl isc activitv of the isolatid nuclei bv mi ins of i 1 1 i co'orinttru 
nn lhi«l It thu' ipjK ir' to U pos.ibli to Ust tin al -i nn ol ucriim d li\dr< 1 1 
IS OIK iiida itioii of friidom from lV toplasm of tin i-olaodul! ou' i 
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3 The aigiiuse activities of cell nuclei isolated fiom the kidney of dog, 
lamb, lat, and chicken aic e\ticmely small oi /cio, although by the method 
employed the picscncc of aiginase could easily be shown m the whole 
homogenates of these tissues, all of w'hich liavc low aiginase activities 
compaied to noimal lat livci homogenates 

4 E\pci imcnts designed to detect a possible tiansfci of aiginase fiom the 
soluble cytoplasmic liaction, to the nutlci dining the piocess of isol ition of 
the nuclei indicate that any such tiansfei would piobably be too small m 
magnitude to allcct appicciably Ihc aiginase activity of the isolated nuclei 
The same can be said, incidentally, of a po‘'Sible fi.insfei of di'-sohcd 
aiginase to the cytoplasmic gianules 

We giatcfully acknowledge the continued supjioit of the Doiiiici Foun- 
dation, W'hich made this w'oik possible 
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Previous i\ork (1, 2) m our laboratory shoired that the addition of protem 
hydrolysates or certain ammo acids to a 9 per cent casern-sucrose ration 
deficient m macm resulted m a marked reduction m the groirth rate of rats 
The further addition of either macm or trjTitophan restored groirth to a 
rate equal to or exceedmg that of rats receinng the unsupplemented basal 
ration Subsequent eNpenments (3) hai e shoim that a mixture of ammo 
acids simulating 2 per cent acid-h 3 droli'zed casein is equally effectne m 
inducmg the macm deficienc)' The experiments reported m this paper 
deal inth the effect of individual ammo acids and the possible mechanism 
of their action 


EXPERIMENT XL 

The procedures used m these experiments were smular to those employed 
in previous studies 3 week-old male Sprague-Dawley rats, kept m indi- 
vidual cages, were fed ad libitum oxer a o week experimental penod, and 
weighed at weekly mterx als The basal diet had the followang composition 
sucrose 81 8 per cent, corn oil 5 per tent, casein^ 9 per cent, Salts IV 4 per 
cent (4), L-ci stme 0 2 per cent, and ntamins added as a drx mixture diluted 
with sucrose to proxide the following quantities per 100 gm ot diet thi- 
amme 02 mg , nboflann 0 3 mg , pjTidovme 0 25 mg , calcium ni -panto- 
thenate 2 mg, choline chloride 100 mg, inositol 10 mg, biotm 0 01 mg, 
and folic acid 0 02 rag Halibut lixer oil fortified xxnth xitamins E and K 
and diluted mth corn oil was mod as a source of the lat-soluble xmamina 
This was fed bj dropper once each week to proxnde approximatcli the lol- 

* Published with the approval of the Director of the Wiicon^m \gricaUural 
Experiment Station This work was supported in part b> grants iron the Na lonal 
Dairy Council, on behalf of the kraencau Dairj E^jociation, and the Xu’n; on 
Poundation, Inc 

Wc are indebted to Merck and Company, Inc , Rahwaj , Xc “ Je%e. , w >.ac sap 
plj of crjstalhno B xitatmas, and to the \bbott Labora'‘oriLS, No-kh Chicago, 
Illinois, for the gt-nerous supplj lialuer oil 

* Smaco purified casein 
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lowing daily iutnlvCb vitamin \. 100 i \itainin D 1 i c, 2 -mct}i 3 ]-] , j- 
naphthoqiiinone 0 OG mg , nnd a-tocophci ol 0,7 mg The aveiage giowtli 
late foi twelve negative contiol latb ^^a8 12 gm pei week, and loi twelve 
positive eontiol animals lb gm pei week m tlie "eiie-^ of fom expeiimenh 
lepoUed heie The symptoms noted m tho-^e animals whieh icceued the 
lations lontammg giowth-suppiobMiig ammo aeuK weie ^onghn('^s ol tm 
and inflammation of the paws and no^e 'l'he,^e ^\mptoms appCiUed alltr 
the lats had leceued the expciimentul lation loi moie than 2 wcek^ 
Feces weie collected iiom selected gioiips ot animak dining the 1th week 
in tw'o of the expeiiments 'Oho feces weie cliic'd in nucno, .incl sample-. 
weighingOlgm weie hjeholyzed with 20 c c* of 1 \ XaOII hj autoclaving 
at 15 pounds piessuic foi 1 lioui Utei neutializiiig, the diluted s.miples 
w'^eie assajed loi nicotinic acid accoidmg to the method ol l'c*pl\ cl al (5) 
The values obtained aie leeoided m 'Fable 111 

Follow'ing the 5 w eek gi ow th pei locl ot one e\pei imeiit ui me* w .is c ollec ted 
undei toluene liom lats liom selected gioiips 'Fhe X'-metlnlnicotinaiaulo 
content was measuied by the acetone-lluoiometiic method ol I lull cl al (b) 
In the hist expeumeut two mixtmes ol ammo acids weie used, Mixtuic 
I contained those ammo aeicls which had been ted m the picwious cxpeii- 
ment as the natuialh oc cuuing l isomeis, and Mixtuic II those whic li had 
been fed as the lacemic mixtuic These niixtuies lepie&ented an aibiti in 
division of the ammo aids puwiously uschI (i) into two gioups Ixncd on 
the isomeiu toims most leadih acaiiable commeitialK TlicsO ammo 
acids weie added to a 9 pei cent casein latioii at I 207 pei cent ol Mixtuie 
I 01 1 041) pel cent ol ]\Ii\luie II to gi\e the ■'ame c onccmtiatioiis ol mch- 
viclual ammo acids as pievioush used 

Khsl'Lls CXD niSC’UssION 

The lesulth ot studies on the eftect of ammo acids on the giowth ol luts 
leceivmg the basal latioii with and wathout nuiem aie shown m Table I 
The giowth lates aie tabulated as peicentage of the giowth ot the uegatne 
contiol gioup Ol ot the positive contiol gioiip Thib pioceduie and the 
ciiteiia used in evaluating the lesults aie the same as thobo pieviously eni- 
plo 3 '^ed (3) The addition ot ammo acid Mixtuie II lesulted m a vei 3 ' 
maiked inhibition of giow th ( 14 pei cent of the giow th ot negatn e contiols), 
while Mixtuie I was only slightly eftective m suppiessmg giowtli (72 pei 
cent of negatixe contiols) 

A second expeiiment involved the use ot the mdmclual ammo acids in 
Mixtuie II Each of these ammo acids was added sepaiately to a 9 pei 

- In the preceding paper (3) ot this series the vitamin A and D content w as 
erroneously reported as vitamin A 6 i u and vitamin D 0 06 i u The levels should 
be the same as given in this paper 
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T\.ble I 

Effect of Certain Supplements on Growth Rale of Rats Rccctiing Low \/aciu Diets 


Suppicmeat 


2% acid hydroljzed casein (H.SOi) 

2% “ “ (HCl) 

1 267% amino acids (Mixture I)* 

1 046% “ “ ( “ II) t 

2 534% “ “ ( “ 1) 

0 104% DL phenjlalanine 

0 208% 

0 052% 

0 104% D plieujlalaniiic 
0 078% DL threonine 
0 156% 

0 156% “ 0 05% UL- 

trjTitophan (no macm) 

0 104% DL phenj lalanmc + 0 lohSo di-' 
threonine 

DL-Threonme (injected) 15 bnig per dai 
UL Phenjlalanine (injected) 10 4 rag 
per daj 

0 126% DL aspartic acid 
0 28% DL valine 
0 26% DL isoleucme 
0 52^0 

0 12^i DL serine 

0 164% L arginine hjdrochlonde 
0 1% I histidine hvdrochloride H O 

I. i. 11 

o 

0 256% L-tj rosiin. 

0 276% L-Usinc hjdrocliloridt H O 
0 912% L glutamic acid 
0 184% L leucim. 

0 32S% L iiroliiiL 

0 5% f it isoi ilorii rLjil u< int nl nt 1 5% 
corn oil 1)\ Huron. 

50% fit isoialorn, nplanimni of su 
crosc b\ 25 ldi torn oil 
2*)o glvtint 

2% “ -r 0 5% lat isotalurit rt 

jilactmtnl of 1 5‘'(, corn oil bv sutrix-t 
2% gUcim -r i0‘', fit iiotalonc re 
Iilattuitnl ol -ucro i b\ 25 (..ni corn oil 
t 12*^0 \ tth\%I\tiai 


tViltout Ducin or Pits. 1 j m* nuoa per 

tryptophan 100 gaj mUoa 


\q of 
animaU 

Average gam 
as per cent 
of negative : 
controls 

No of 

1 animals 

\ crage snm 
as per cent 
of pQsitii.e 
controls 

6 

43 

3 

119 

b 

64 



3 

72 


77 

3 

14 

' 3 

115 

3 

100 

3 

119 

12 

57 

3 

110 

i 

51 



3 

79 



3 

5S 



3 

21 i 

i 


12 

17 

3 

125 



3 

l&S 

3 

22 I 

1 

1 


3 

33 

1 3 

137 

3 

117 

3 

lOb 

3 

91 



3 

100 



3 

91 



5 

72 



J 

101 



5 

To 



5 

63 



5 




5 

117 



I 

S7 1 

1 


3 

115 

1 


J 

103 



5 

71 



0 

71 

h 

1 07 

t» 

los 

0 

151 

J 

62 



0 

33 

i 


fj 

'1-2 

1 


i 

.0 
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Tablu I — Conclmlul 


Supplement 

Without iiiicm or 
triptophan 

rius t S mg 
100 gm 

niacin per 
ration 

No ol 
animals 

Average gam 
as per cent 
ol negative 
controls 

No of 
animals 

Average gam 
as per cent 
of positive 
controls 

3 72% glycino ethyl cater 


17 



2% glycine + 1 mg pyridoxinc 


10 



0 156% nL-threoiunc + 1 mg pyntloxtno 





0 104% DL-phenylalanmo -f 1 mg pyri- 





doxmo 





2% sulfasuxidme 

3 

75 



2% “ -b 0 101% DL-phcnyl- 

3 

83 



alanine 





2% sulfasuxidme + 0 156% DL-tlireonine 

3 

25 




* Ammo acid Mixture I L-arginine hydrochloride 0 0S2 gni , i -histidine hydro 
chloride HjO 0 05 gm , li-lysine hydrochloride H 2 O 0 13S gm , L-tjrosme 0 128 gm , 
L-leucine 0 242 gm , L-glutamic acid 0 456 gm , and L-prolme 0 161 gin 

t Amino acid Mixture II Dn-phcnylalanino 0 101 gm , i>L serine 0 12 gm , dl- 
threonineO 156 gm , DL-isoleucincO 20 gm ,Di, aspartic acid 0 120 gm , andDL-vahne 
0 28 gm All of the amino acids in these mixtures are at the same level as in 2 per 
cent acid hydrolyzed casein with the exception of threonine and isolcucine, ^\hich 
were added in quantities equal to twice those present in this amount of casein hy- 
drolysate Alanine, glycine, and cystine were left out of the mixtures because the 
growth inhibition effect of the first two is known, and cystine was incorporated into 
the basal ration 

cent casein lation in amounts equivalent to then occuirence in 2 pei cent 
acicl-hydi olyzed casein It was found that 0 078 pci cent DL-threonine 
suppiessed gioivth maikedly (17 pei cent growth of negative controls) and 

0 104 pel cent DL-phenylalanme, though fulfilling the catena adopted, was 
not as effective as OL-tlueonine In both cases the addition of macin (1 5 
mg pel 100 gm ) to these diets lesulted in giONvth lates gieatei than those 
foi positive contiol gioups When 50 mg of nn-tiyptophan pei 100 gm 
weie added to the DL-thieonme-supplemented ration, a greater mciease in 
the gioivth late was noted (125 per cent wth added niacin, 108 pei cent 
mth added tiyptophan The increased giowth resultmg fiom the addition 
of DL-thieonme to the basal lation containing added cystine and niacin 01 
tiyptophan indicates that threonine may be the next most limiting nutii- 
ent in this lation Hall and Sydenstiickei (7) have shmvn that tlireonine 
IS one of five ammo acids which aie limiting in a 9 pei cent casern basal 

1 ation containing added cystine Additional histidine, lysine, valine, tin eo- 

nine, and tiyptophan weie necessaiy foi optimal giowth 

In anothei expeiiment the L-amino acids in Mixtuie I weie investigated 
individually at tivice the levels piesent in 2 pei cent acid-hydi olyzed casein 
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None of the L-ammo acids suppressed groivth sufficiently to meet the cn- 
tena adopted However, it ivas noted that the mcorporation of L-histidine 
at 0 2 per cent (4 tunes the Ie\ el present m ^Mixture I) of the ration caused 
growth suppression to 58 per cent of that of the negatue control group 
The succeedmg e\'penments v> ere conducted m an effort to elucidate the 
mechanism of the inhibition of grotvth by DL-threomne and DL-phenjl- 
alamne The n isomer of phenj lalamne’ uas found to be as effectne as 
the racemic acid uhen fed to one group of three animals Further uork 
IS now m progress to determme the relatne actmty of the n and l forms 
To compare two routes of administration of threomne and phenjlalamne 
two groups of three rats each were mjected with amounts of these ammo 
acids approximately equal to those recened m the ration by control rats 
Solutions containmg 15 6 mg per ml of nn-threonme or 10 4 mg per ml 
of D]>phenylalanme were mjected m three equal doses o\er a 24 hour 
penod nn-Threomne gave marked growth suppression whether injectetl 
or fed, and this suppression w as o\ ercome bj the addition of macin to the 
ration The meffectiv eness of 10 4 mg per daj of nL-phen\ lalarune intra- 
pentoneally may be the result of too small a quantity for this route of ad- 
ministration Failure to obtain an additne effect irom 0 15G per cent dl- 
tbreomne and 0 104 per cent DL-phenj lalanme (Table I) maj hat e been 
the result of too much threomne or insufficient phent lalanme or both to 
demonstrate such an effect It equal let els of oral mtake tlireonme is 
far more effectit e than phenj lalamne 

That the mtestinal microflora maj be plajnng a role m the influence oi 
these mditudual ammo acids on growth is shown bi the fact tliat, when 
DL-threomne or OL-phen^ lalanme was added to a ration contaming dextrin 
instead of sucrose, the growth inhibition was not marked (Table II) The 
mcorporation of gelatin at a let el of G per cent catted growth mhioitioii, 
indicatmg tliat two separate mecham=m3 mat be mtolted in the suppres- 
sion caused b> gelatin and threomne Further, the growth lailure when 
gelatin was fed and the correction bt macm indicates that the niacin present 
m the dextnn was not responsible tor this carbohtdrate difference \.Cid- 
hidroljzed casern gate onl^ slight growth depression when added to a 9 
per cent casein-dextnn ration The amount oi inhibition obt imcd tith 
acid-hj drol} zed cisein when siicrosc was the earbohtdntc sttme-d to t-e 
affected bt the method of htdroltsis Usc-d A suliuro acal h_. d'-olts itc‘ 
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gave btiougei mlubitiou than a hydiodiloiu juul hytlioljs.ito’ (Table I) 
The deteimming tactoi may h.ive been the tlueonine .uul phenyluUinine 
content ot the hydiolybatcs, ^ince miciobiological deteiminationa showed 
that 2 pel cent of the siiUuuc acid h^'diolvbate pioiidcd phenylalanine at 

0 072 pel cent of the lation and thieomne at 0 055 pei i cnt 2 pei cent of 
the hychochloiic acid h^diol^&ate tuinishcd jihen^lalaninc at 0 020 ,ind 
thieomne at 0 Oii pci cent ot the lation 

Othei factois buch as vitamin and fat leiels weie nucstigated 
Schweigeit ct al (8), Rosen ct al (9), and Bell cL til (10) haie show a that 
the pyiidoMiie intake influences the (luantities ot niacin deii\ati\es in the 
mine In these e\peiiment& nuieasnig the pMidoMiic le\el fiom 0 25 to 

1 mg pel 100 gm ot diet did not couiilcKut the giowth inhibition caused 
by flee ammo acids (Table I) Salmon (1 1) noted pool giowth m latsfed 

Tvuii U 

Ujfect of Culaui buppUmcnlt, (I htii liulion Conlniii'i Dextrin 

i “ 

WilhoiilMiiun "'S 

lOU ration 


Supplement 

No of 
animals | 

1 

\\ crate tarn 

1 as per cent 

1 of latamc 

1 controls 

No of 
ininuls 

A\ crate gam 

1 as per cent 

1 of positive 
j controls 

2% acid-hydroly^cd casein 

b 1 

bo 

{ 

! 92 

b% gelatin 

1 I 

n 

i 

' 103 

0 156% DE-threoninc 

. ' 

so 


1 

0 10-1% UL-pheuylalaiuiic 

5 

52 


’ 

6% gelatin plus 30% fat 

3 

20 




diets low in tat containing up to 18 pei cent uisem, <ind no known souite 
of a deloteiious agent lie tound that when the tat le\el was incieased to 
30 pel cent the niacin dehciencj was lehcned Qualitatnel} the same 
lesults iveie obtained in oui studies when the level ot tat in the lation was 
,vaiied fiom 0 5 to 30 pei cent The leduction ot the tat level to 0 5 pei 
cent gave a slight lediiction m giowth, and elevation ot the tat level to 30 
pel cent gave a veiy slight inciease in giowth compaied to 5 pei cent com 
oil (Table I) The eflect ot vaiying the level oi fat on the giowth ot lats 
leceiving the basal lation containing 2 pei cent glycine (2) was also m- 

^ Smaco ca&eiii waa hydioly/sed with o volumes of 5 x HCl foi IGlioma it 15 pounds 
pressuie in the autoclave The solution was filtered, and concentiated in vacuo to a 
syrup Water w'as added and the solution concentiated again to a syrup This 
process w as repeated until the solution was approximately pH 3 The hydrolysate 
from 1 kilo of casein in 3 liters of hot solution was tieatecl with 300 gm of norit and 
hlteied thiough a fluted filtei Aftei concentrating, it w is dried to a poious cake 
in a V icuum oven at 50° The cake w'as pow dered and stored in a browm bottle 
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vestigateci The addition of 30 per cent fat to the ration relieved the 
growth inhibition of 2 per cent glycine, while the reduction of the fat le%el 
to 0 5 per cent reinforced the inhibition Better growth with high fat 
rations may be explained on the basis of a spanng action on the macm as 
suggested b3' Salmon (11), oi by sjmthesis or decreased destruction of thu- 
vitamm bj' mtestinal microorganisms when a high fat ration is fed 

Deri\atues of glycme were tested on the 9 per cent casein basal ration 
Two groups of animals w ere fed the ration containmg 3 12 per cent X-eth\ 1 
glycme or 3 72 per cent glycme eth3l ester Both dematnes ga\e 
a shghtly stronger inhibition than an eqmtalent amount (2 per cent) ol 
gl3cine itself 

The anal3ses of the dned feces for nicotmic acid reiealed that the dail\ 
excretion of this xntamin w as approximateh* the =ame (7 to 12 y per d i\ ) 
m all groups regardless of the bod3 weight or quantiti of feces excreted 
When expressed on the ba>i5 of dr3 weight of feces or per 100 gm ot bodx 
weight pel da3’’ (Table III), the animah whose growth wa* poor showed 
greater macm excretion, regardless of the ration recened This relation- 
ship was markedl3 altered, howe\er, b3' the presence of sulfasuxidine, which 
reduced the excretion fiom more than 100 y per gm to 10 y per gm , when 
added to the threonme-supplemented ration, from 40 to 10 y pci gm toi 
the imsupplemented basal ration, and from 50 to 10 y per gm for phen3l- 
ahmne-supplemented miraah It is mterestmg that the ■•ulfaMLXitlme 
which exerted such a profound effect on the niacin content ol fects lud no 
effect on the growth rate of the ammaK rhi-, findmg as w cll as the in\ cr^e 
relationship between feces macm and growth suggests th it the macm ->30- 
thcais in the lower tract is not the determming procc*'S in the nutntional 
relation-'hips being studied That ui leiii s3Tithesis in ^ome portion 01 the 
tract Ls of some importance, lioweccr, 1^ ~uggcated b\ the (ffect ot -'Ub'ti- 
tuting dextrin for sucrose in the diet pre\ ioii>l\ reported (5), thi' 
carbolic drate greatl3 elecated iiiann excretion in the lecc-' Rcgardic" 
of the ^upplemcnt^ fed, rats recciciug dextrin excreted ipproximiieh 1 10 
y per gm or 50 y per 100 gm of bod\ weight per dac 

The results of the measurements of urinarc mcthclmcolin imuii indi- 
( itocl that tliere w is no sigmficant effect ol in\ supplement cxcipt treptu- 
phin In this group unnar3 excretion w is 87 y ptr <la3 per 100 gm 01 
bod3 weight compared to 7 0 y for control animal- Lnn ir\ ixcrctioii of 
this metabolite w i- elccated in rat- rcccuang the dexinn-coniaining r it ion- 
to 21 y per du Xo significant difference waa found in the tlireonin and 
tr3ptopluin content of protein-trce filtritc-- of liccr uul pla-'in i witli tin 
microbiologu il a-'-ac Growth inhibition oi in amino ac d mixture eoii- 
t umng 0 25 per icnt L-histidine, 0 1 per cent m thn-oiiii c 0 52 ]>tr u in 
L-l3sine, iiid 0 i per cent dl-\ iline lu- bean n pur.cil In ^ iigal t' d i 12i, 



►ermient 


880 


■ IDmiCT OF \AII\0 VC’ID'd ON GROWTH 


Tablu III 

Niacin Excretion in Fccca 


Supplement 

Tccca 

Body 
weirht at 
collection 

Body ifcight 

Aver- 

a^c 

UanKc 

iUcraijC 

Avet- 

age 

Range 





7 P‘r 

7 per day 



7 pc' S"i 

iin 

Jiij per 






100 t'» 

im 

Sucrose basal 

70 

WlCWil 

71 

17 

(11-21) 

“ “ + macm 

30 

! n 

95 

7 


Basal + acid-hyclrolyzed casein 

70 


01 

12 

(7-21) 

“ +2% glycine 

103 

(91-111) 

57 

20 

(17-21) 

“ + 0 07S% nL-thrconiuc 

100 

(77-121) 

50 

19 

(11-30) 

“ +0 156% 

82 

(01-110) 

53 

11 

(10-21) 

“ + 0 208% DL-phcnylalanine 

02 

(32-108) 

07 

13 

(7-21) 

“ +0 104% 

19 

(20- 79) 

70 

9 

(7-10) 

“ +0 104% 

89 


00 

10 

(12-23) 

+ 0 078% DL'threoninc 






Basal + 0 156% DL-thrconiiio + 

13 

(30- 51) 

117 

9 

(7-11) 

0 05% DL-tryptophan 






Dextrin basal 

139 

(110-100) 

120 

50 

(3S-6S) 

“ “ + niacm 

121 

(112-137) 

131 

11 

(36-54) 

“ “ + 0 156% Dn-threo- 

132 

(120-101) 

123 

43 

(2h-54) 

nine 






Dextrin basal + 0 101% un-phcnyl- 

149 

(110-191) 

115 

IS 

(31-65) 

alanine 






Sucrose basal 

11 

(It- 10) 

79 



“ “ + niacin 


(32- 15) 

101 



Basal + 0 104% DL-phcnylalanine + 



78 



2% sulfasuxidine 






Basal + 0 156% DL-threonine + 2% 


(S- 13) 

53 



sulfasuxidine 






Basal + 2% sulfasuxidine 


(S- 11) 

78 



“ +0 156% DL-threonine 

141 

(60-221) 

41 



“ +0 104% DL-pbenylalanine 


(16- 54) 

71 



“ + DL-threonme (injected) 15 6 

101 

(07-142) 

56 



mg per day 






Basal + niacin + DL-tbreonine (in- 

53 

(36- 81) 

123 



jected) 15 6 mg per day 






Basal -b DL-phenylalanine (injected) 

58 


92 



10 4 mg per day 






Basal + niacm + DL-phenylalanine 

47 

(43- 55) 

106 



(injected) 10 4 mg per day 







using a similai lation. in lat expeiiments They found that the ammo acid 
mixture had no effect on the niacin content of livers, wheieas admims- 
tration of macin inci eased the quantity of this vitamin in the hvei 
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Addition of DK-threonine or DL-phenjIalanme m amounts eqm\alent to 
that present m 2 per cent acid-h^ drolyzed casern aggravated a macm-tiyp- 
tophan deficiency m rats All other ammo acids fed at comparable lei els 
vere without effect 

DL-Threomne mjected mtrapentoneally at 15 6 mg per day caused 
growth suppression equal to that obtamed vhen this ammo acid was fed 
at the same le\el Injection of 10 4 mg of nn-phenj lalanme per day was 
ivathout effect 

The growth inhibition produced bj' either DL-threonme or DL-phen}!- 
alamne i\as reversed by the addition of I 5 mg per cent of macm, 50 mg 
per cent of DL-tiyptophan, or by replacmg the sucrose m the chet ■mth 
devtim 

Studies on the macm content of the feces shou ed that all animals excreted 
appro\imatel 3 '' the same amounts per da}- When the macm content of 
the feces was expiessed on a body weight basis or per gm of drj feces, the 
values vaned mversely wath the growth rate, regardless of the ration used 
The addition of 2 per cent sulfasuxidme to the rations sharplv reduced the 
macm in feces without aftectmg the growth rate 
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AN INTERIMEDIATE IN THE BIOaYNTHESIS OF LYSINE IN 

NEUROSPORA* 

By HERSCHEL K MITCHELL vsd :MARY B HOULAHAN' 

(From the Kercfhojf Laboratones of Biology, California 
Institute of Technology, Pasadena) 

(Received for publication, April 2, 1948) 

Investigationh by Doerraann (1, 2) have provided evidence for the 
existence of at least four distinct genetic t 3 T)es of Ijsine-requinng mutants 
of Neurospora One of these (stiam 4545) has been utibzed in a method 
foi biological assa }’• for this amino acid (3) ]\Iore recentlj ev idence for 
some interrelation between the biosjTithesis of undme and Ijsine (4) has 
prompted furthei investigations of the group of bjhineless mutants 

The hist substantial evidence concerning the mechamsm of biosvmthesis 
of Ij'sine in Neurospora has been piovided as a direct result of the recent 
discov'eii' by Borsook and his a‘'sociatcs (5, 6) that Ij'sine is converted bj" 
mammalian tissue "lices and homogenates to a-ammoadipic acid It has 
now been found that one of the Neurospora li/sincless mutants (strain 
33933) Is able to utilize a-aminoadipic ai id in the place of Iv sine Mutants 
of three other genetic tjiies are unable to do so Ihus, evidence is pro- 
vided that this 6-carbon dicarboyjlic acid is a precursor m the biological 
synthesis of Ij^sine bj Neurospora bince three of the genetically different 
mutants (strains 4545, 15069, and 37101) do not utilize a-aminoadipic 
acid, it Is to be expected that the corresponding three genetic blocks are 
concerned with ditleient step- in the conversion of a-amino idipic acid to 
Ijsinc Consequently sevei d compounds having a po-sible place in this 
senes ot reactions weie tested for growth-promoting activity on all four 
mutants These included the naturally occurring hydroxy lysine (7), 
a,a'-diaminopimelic acid, a-kctoadipic acid, and 2-carbox-y -G-piperidone 

Doermann (1, 2) has described a striking inhibition of the lysiucloss 
mutants by arginine iiid his attributed tlus effect to interference with the 
biologic il conversion of in extern il -upply of Ivsine to utilizablc natural 
intermediates in the mold With o- imiiio idipic acid as well as hsine to 
provide the growth subst nice for strim 33933, the inhibitory effects of 
aiginine, glut imic acid, ind ispingme luve been investigated 

i-XPil'IVinXTVL 

Gronih Rcquiruntnis — Vs reported by Doermann (1), Nc iro^pora strains 
1515, 150G9, 33933, ind 37101 require ly-ine tor growth Grovth curves 

* Tills Mork w IS supporud b\ lut da irom iLt. Roi.k.ltlIc' foLl^dat 



884 


llIOS-iMin -sib or lAblNL 


foi stiain 33933 lu the picsciico of L-lyhine, L-a-atumo'ulii)ie aoid, and dl- 
a-aminoadipic acid aie given in Fig 1 It uill be noted tliat at high con- 
centrations DL-a-aminoadipic acid is just as enective as the L HOjnci on a 
molai basis In contiast it has been shown by J^oeinuuin (3) that the d 
isomei of lysine is not utilized applet iabl> in the pic-'Cnre of the natuial 
L foim 

The cychzed foim of a-aminoadipic acid (2-caibo\y-b-pipoiidone) was 
also tested foi giowdh piomotion of stiain 33933 Altlioiigli the compound 



MILLI MOLS PER ZO ML 

Fig 1 Giowth curves of mutant 33933 m the presence of L-lysme (o), c-«-annno- 
adipic acid (□), and DL-a-aminoadipic acid (O) 

is not active in initiating giowth, it is utilized completely in the piesence 
of an equivalent amount of L-a-aminoadipic acid 
Inactive Compounds — Smee n-a-aminoadipic acid is utilized by mutant 
stiam 33933 in the piesence of the n isomei, it would be expected that a- 
ketoadipic acid would initiate and support giowdh of the mold Similai 
cases have been lepoited pieviously in Newospoia (8, 9) Contiaiy to 
expectations, howevei , the keto acid Avas found to be ivithout activity in 
initiating giowth oi supplementing gimvth initiated by an equal quantity 
of L-a-aminoadipic acid Some lesults aie presented m Table I In the 
experiment given in Table I the keto acid solution, sterilized on a glass 
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filter, was added after 48 hours growth of the mold m the presence of the 
ammoadipic acid In other experiments, the keto acid failed to produce 
significant growth stimulation whether it was added after filter sterihzation 
or as the stenle dry sohd, either before or after mitiation of growth 


Table I 

Inaclivtly of a-Ketoadiptc Acid 


Substance added to 20 m] of cuJture fluid 

Dry wcisbt of mold 

o-Setoadipicaad 

L-a Aminoadipic aad 

fjif 

mr 

mg 

1 

0 

0 

3 

0 

0 

0 

1 

41 0 

0 5 

1 

' 40 5 

1 5 

1 : 

43 0 

3 0 

1 i 

40 0 


Table II 


Inhibitions of Strain 33933 in Presence of Lysine and a-Aminoadiptc Ictd 


All solutioos contained 0 005 mai of growth substance per 20 ml of culture fluid 
4 days growth 


Diy wughts of mold m prejonte of 


Substance added , 

1 

1 

L D) sine 

1 

1 L-or \mmoad;pic 
aad 

1 DL-o- Vramoidipfc 
aad 


tnv ptr 20 ml \ 

1 w. 

1 "»* 

I 

Arginine 

0 0 j 

1 

1 32 

! 27 


0 005 

Trace 

33 

H 


0 01 

1 ® 


10 


0 02 

0 

' 25 

S 

Glutamic acid 

: 0 0 

' 31 5 

31 

27 

1 

1 0 005 

31 5 

32 

20 5 


0 01 

32 5 

1 32 5 

2S 


0 02 

I 31 5 

, 33 

. 14 5 

Asparagine 

0 0 1 

1 31 

30 5 

30 


0 005 

! 33 

Trace 

0 


0 01 

34 

0 

0 


0 02 

33 5 

) 0 

0 


A preparation from gelatin containing hydroxjljsine ind h-ine wa^ 
generousK lumishcfl by Dr Hiller and Dr Van Shke 10 mg of thi-> 
material contained, ab pit ritC'i, 1 7 rag ofK'ine ind iquaiuit. oilndrow- 
Ijsine cqun dent to 1 9 rag oi ly-inc lolloumg rtmoial ot pnno at d, 
quintitatiae i-baja for iy-ine with all lour inutantb guc \ duc^ .arain„ 
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liom 1 00 to I bo mg poi U) mg ot i)mi.itc It li3(lio\>l>Mnt‘ had the ‘'Uine 
moUi activit}' o'? ly'jino lui .inj oi the mutant'', u \alui‘ ot 3 I) 'jhould hii\e 
been obtained Smeo no Mgmluaut loss ot eithei ammo acid occuned 
dm mg the lemovcd of the piciic acid, it aiipeais that h\di()\vl3''me is not 
utilized bj'’ the Neioospuia mutants 

a ,a'-Diammopimolic acid nas syu(hesi/(d aicoidmg to the method of 
Soieiibcu and .Viideiseii (10) The lompoimd ilid not pioinote giowthof 
any ot the tom mutants and was, iii tact, stiongli' iiihibitoiy to giowth m 
the piesence ot Ij'sine 'Hie (ompound has not been lesohcd 
Gwwtii InlnbitiOHii — Docimaim (2) has lepoited inhibition ot the lysine 
mutants by aiginine and stimulation b> aspaiagme and glutamic acid 
These lesults wcie obtained in the pie&ence ot lysine as the leciuired giowth 
substance In Table II the etlocts ot these substances on strain 33933 lu 
the picsem e ot lysine and in the piesence of ainmoadipu acid aie compaicd 
As is shown m 3'able II, glut imic ai id is not inhibit 013 to the utiliAitioii 
ot L-a-ammoadipic acid when the molai latio is Ie''s than I I When this 
latio exceeds 10, howcwei, glutamic acid does become mhibitoii* CUii- 
taminc and aspaitic acid ha\e esbcntiallj the same eth el as glutamic acid 
It should be noted that the inhibitou’’ action ot .dl of the compouiids 
listed becomes less at high conceiitiations ot a-ammoadipic acid or it tested 
o^cl a long giowth peiiod This is peihaps due to metabolism ot the 
mhibitois bj the mold 


DISCUSSION 

It is appaient tioin the data picsented that a-ammoadipic acid is a 
piecuisoi ot lysine in Neuiohpoia The utilization ot D-«-ammoadipic 
acid but not a-ketoadipic acid is an unexpected tinding which suggests 
that the a-amino gioup ot aminoadipic icid is metabolized m a unique 
iashion Since this is known to be tine ot Ij^siiie, this lesiilt is peihaps not 
suipiising, but it does necessitate fuithei ciitical examination The 
chemical identity of the piepaiation of the a-ketoadipic acid that was 
used appeals to be beyond question 

The inhibition data obtained aie quite m accoid with the conclusions ot 
Doeimaim (1) lATaeieas aiginiue is a potent inlubitoi m the piesence ot 
lysine, it is lelativelj’’ ineftectne in the piesence ot L-a-amnioadipic acid 
Since Doeimann’s data piovicled evidence that aiginme mteiteied with the 
conveision of lysine to some natuial inteimediate 111 the mold, the utiliza- 
tion of a piecuisoi of such an inteimediate should be lelatnely iinatTected 
by aiginine, as was found It is to be noted, how'evei, that aiginine 
stiongly inhibits the utilization of D-a-ammoadipic acid Aspaiagme and 
glutamic acid aie also eftective in this connection The potent action ot 
aspaiagme in the inhibition ot utilization of L-«-aniinoachpic acid is siig- 
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ge3ti\ e of the po^sibilitj that amide formation may occur m the con\ersion 
of a-ammoadipic and to lysine This po«ibilitj is bemg investigated 

The authors wish to express their appreciation for the generous coopera- 
tion of Di H Borsook ind Di P H Low 3 of this department These 
iinestigatois supplied the l- and DL-a-ammoadipu atidn, the 2-tarbo\y- 
G-pipcridone, and the «-ketoadipic at id that were u-cd in the-e inieAtiga- 
tions 

A piepaiation of hydroxylj sine was obtained through the kindness of 
Di Hiller and Dr \ an SIj'ke of The Rockefeller Institute for Medic il 
Research 


SL1L\L\R\ 

1 Eiidence is piesented to show that «-aminoadipK acid i-, i precur-oi 
of Ijsine foi Neuro»pora 

2 Mutant 33933, which utilizes l^'ine 01 a- iminoadipic atid, i^, in- 
hibited by arginine in the presence of Ij-^ine and by a-paragme in the 
piesence of a-ammoadipic acid The significance of the-e inhibitions is 
discussed and conclusions are m accord wnth tho-e pieiioush ^et tonv ird 
by Doermann 

3 It IS shown that, although one mutant utilizes o-a- iminoadipie acid 
in the pie-eni e of the l isomer, a-ketoidipic acid <loes not promote growth 
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ON THE FAILURE OF dl-HOMOSERL\E TO SUPPORf 
GROWTH OX A IMETHIOXIXE-DEFICIEXT DIET* 

Br iLLRVIX D AR-MSTROXG ind FRAXCIa BINKLE\ 

(From the Laboratory for the Study of Hereditary and Metabolic Disorders and the 
Departments of Biological Chemistry and Medicine, L nitersity of L tah 
School of Medicine, Salt Bale City) 

(Received for publication, April 3, 194S) 

This laboratory is concerned with certain problems mvoKing the chem- 
istry and the metabolic behavior of the hj dro\y ammo acids In an earlier 
pubhcation (1) the resolution of Dt-homosenne has been described The 
present report considers the question of whether homosenne can provide 
the carbon chain for the synthesis of methiomne m the w hite rat 

If homosenne is a product arismg from the conversion of the sulfur of 
methiomne to that of cj^stme (2-8), the reactions maj be reversible and, 
with an otherwise adequate diet which mcludes a supplj of methvi groups 
(cholme) and sulfur (cystme), the rat might be able to synthesize methi- 
onine from homosenne at a rate sufficient for growth It has recently been 
demonstrated that m Xeurospora homoserme furnishes the carbon cham 
for the synthesis of methiomne (9) Thus, m spue of the contraindications 
obtamed m the feedmg experiments with the isomers of cystathiomne and 
the in vilro studies of their cleavage by liver extract (7, S), it seemed of 
interest to determme whether the growing rat was able to carry out ihe 
synthesis of methiomne from homoserme plus cholme and cystme 

A diet devoid of methionme but containmg these three compounds w as 
fed to young rats The results presented herem show that homoserme 
cannot give rise to methionme under the conditions outlmed .Uthough 
Teas, Horowitz, and Flmg found that m Xcurospora homoserme is a pre- 
cursor of threonme as well as of methionme (9), McCoy , Meyer, and Ro^e 
(10) several years ago showed that homoserme was not able to replace 
threonme for the growth of y oung rats It thus appears that homoserme 
has little or no nutritional significance m the diet of the rat 

LXPtnniENTvn 

A litter of young white rats (Sprague-Dawlcy ) wa* used lor the feedmg 
experiment The basal synthetic diet had the following composition 
ammo acid mixture (exclusive ot the sulfur-contammg ammo acid:^) 22 0, 
sucrose 110, Sprv 20 0, talt niLxture (General Bioclic micals, Inc, Salt 

•This rtat,arch vaa support.! b\ j griat irom t' j I'niti-d S'aOs Public Ifci''’! 
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Mixtuic 2') 10, cod luol oil 5 0, iind af^iu 2 0 pints icspcctively The 
.imino acid inixluie was composed of (ij'jtalliiie ainmu acids and except 
loi mmoi alteiations was cs-'cntiall}’^ that lopoited Ro^c and Rice (11) 
The walei'solublo vitamins weic given as a solution, cacii lat receiving 
daily 0 5 (C ol a solution which contained 10 y of thiamine chloride, 10 y 
of iihotlavin, U) y ot nicotinic acid, 10 y ot p^iidoxine hvdiochloiidc, 50 

Tvull I 


Rcbullb of Gioulli IJxjiLi intents on Mi lliionint-I)tJieient Diet 


Kvt No 

Da\ s 

\\cn(,L il ul> 
load int tV.L 

wtibht clnntc 

Siiiipltmunt to ImhuI diet 

1 (9) 

1- s 

1 3 

-1 b 

ft/ ctnl 


9-11 

1 S 

+2 0 

1 1 mi thioiiini 


15-2d 

1 S 

-1 1 

2 1 hmnoseruio -f I - c_ystiiio 


24-2>) 

5 0 

+0 7 

1 2 JiomuLVstmt -j- I 2 “ 

-o 

1- S 

55 

-1 S 



9-11 

7 1 

+2 2 

0 0 metliioninc -r 0 b Ljstme 


15-21 

7 1 

■FI 1 

Ob “ + 0 G " 

3 (cf) 

1- S 

5 1 

-2 1 



9-U 

1 5 

-0 5 

0 b linmoscriiit -h 0 b cislint 


10-20'- 

1 7 

-17 

0 ‘ +12' 

A (o’) 

1-St 

1 1 

-3 I 


5 (cf) 

1- 8 

5 1 

-2 1 



9-14 

S 0 

—0 5 

1 2 homosermc + 0 b cjslme 


15-20 

1 8 

-1 8 

12 “ +12 “ 

6 (9) 

1-S 

1 9 

— 1 5 



9-14 

1 7 

-0 5 

2 1 homoscnni, + 0 b eystuu 


15-21 

0 0 

-1 0 

2 1 “ +12“ 

7 (cf) 

1- 8 

1 9 

-2 3 



9-14 

1 5 

-0 5 

0 b cjstiiie 


15-21 

5 3 

-0 4 

12 “ 

8 (o’) 

1- 8 

1 5 

-1 6 



9-14 

1 S 

-0 5 

0 b c^stiuL 


15-29 

50 

-0 4 

12 


* Animal died aftei 20 days 
t Animal died after 8 days on the basal diet 


of calcium d-pantothenate, and 12 5 mg oi choline chlonde dl-Hoiuo- 
seiinc, DL-metliionme, DL-homocystiue, and L-cvstine weie mcoipoiated m 
the diets m the amounts showm in Table I and Fig 1 and an equal weight 
of suciose was omitted horn the diet Food and watei weie allowed ad 
libitum, the food consumption was measiued daily and the annnals weie 
weighed at mteivals 


lU S P XIII 
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The icbiilts ot the cxpciimont .iie tahulalc d in Table I and aie tlioun 
giaphicilly in Fig I It is .ippaient linin I'lg 1 tli.it honio‘'Ciine phis 
cj^stinc and choline cannot lejilaie methionine in the diet of the lat The 
lats leceiving homoseiinc declined fastci than the contiol animals icceiving 
the basal diet plus cystine An autopsy of Huts I and 5 levealcd no evi- 
dence of gloss pathological lesions of eithei luci oi kidney 

su\iM\in 

It has been found that ni.-homosci me m the picscnie of cystine and 
choline will not substitute foi methionine fni the giouth of the white lat 
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THE EFFECTS OF CANAVAXIXE, ARGIXIXE, AXD REHVTED 
CO?»IPOUND3 ON THE GROWTH OF BACTERIA^ 

By BEXJA-MDT E VOLClXIf ynd ESMOND E SNELL 

{From ihe Department of Biochemistry, College of ignculture, Unnercity of H isconsin, 

Madison) 

(Received for publication, Vpnl 7, 194S) 

The physiological properties of canavanine, a naturallj occurring, struc- 
tural analogue of argmme, ha^e not been evtensivel}' in\ estigated Re- 
cently, Horouitz and Srb (1) found that cana\anme inliibited groadh of 
unld tjTie Neurospora, and that the inhibition uas competituely alle\iated 
by arginine Lj’-sine and methionine were also effectne m alleviating 
canavanme inhibition for certam strains of Neurospora, though not so effec- 
tive as argmme The sensitii ity of various Neurospora t3'pes to inliibition 
by canavanine varied considerably, and appealed to be genetically deter- 
mined These authors revieu the limited previous work dealing with the 
physiological response of various organisms to canavanme 

As an extension of this work, the present article describes the effects of 
canavanme on growth of sexeral lactic acid bacteria In contrast to wild 
ty^pe Neurospora, most of these organisms requii e argmme for growth For 
comparative purposes, two stiains of Escherichia coli ba\e been used, a 
parent strain which grows w ithout added argmme, and an argmmc-requirmg 
mutant derived from the parent strain by treatment with mustard gas * 

Procedure 

Cultures and Media — Cultures of Laclobacillus aiabinosus 17-5, L casci, 
L delbrueclat 3, L fennenli 30, Leuconosloc viescnteroides P-CO, and Strepto- 
coccus faccabs R were carried as stab cultures in yeast extract-gluco^e- 
igar Inocula were grown by transfer from these to a complete liquid 

•Published with the approval of the Director of the Biscoaain \gncultur_l 
Experiment Station Supported in part by the Rc-carch Conimittce ot the Graduate 
School from funds supplied bv the Wisioiisin Xlumni Re carch Foundation, and 
Schenlej Research houndatioa Be arc indebted to Dr N If IIoroTita fo'se-crous 
himplea of l canavanine sulfate fisolatcd from jack bean meal) and for accc-s to hu 
results on canavanine inhibition of \curospora prchmiuar, to ti .ir pub'icauon 
Dr II J Tc IS kindly furni.iicd a sample of mcanalire pier uc p.cpa'cd ‘"'o n c^-'a 
vamne This was converted to the suliate before me 

t Member of the staff 01 the Daiinl SieT Re.ca-eh Rsti* ate Beuna'-il _ i u’c 
of Science, Rehovoth, Palestine 

’ B e arc indebted to Dr J Ledcrbcr„ and D- E L Ta^um fo" Cult a es o'' ’ e.,. 
organisms 

Sfid 
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semisyntliefcic mechuiu bimiKii in composition to tliut of Mac'Lood and Snell 
(2) but with two-thnds of the on/.yin.iticall> dif^osted cu'^ein replaced with 
acid-hydiolyzcd cabein Foi Ij fcnmnii dO 7 ol e\tia thiamine were added 
pel 10 ce i\itei 21 horns incubation, cells ueie centiifuged and lesus- 
pended in 10 cc of slci ilc 0 9 pei cent boclium thloi ale solution This lieavy 
suspension was diluted 1 10 with steiile vdine, and 1 diop of this dilute 
suspension was used to inoculate eacli evpeiinu'ntal cultme of 2 cc For 
assay, the medium of Ilendeihon and Snell (2), with aigimne omitted, was 
used Foi L fomenli, this medium w'as modihcd by leplacing the sodium 
citiate with an equal weight of sodium acetate The initial pll was G 4 

Escherichia call Y109 (the paient stiam) and Escherichia coh Y117 (the 
aiginine-iequnmg mutant) weic earned as slant cultuies on yeast e\tract- 
glucose-agai Foi inoculum, a small amount of suiface giowth fiom a 21 
hoiii cultuie w’as suspended to baiely \ isible tuibidity m steiile 0 9 per cent 
sodium chloiide solution, and 1 dtop ot this suspension was used to inoculate 
each expeiimental cultuie of 2 cc The liasal medium used was that of 
Tatum and Ledeibeig (1), w'liich contains moiganic salts, glucose, and 
aspaiagine 

Additions of aigmine, canacanine, and othci compounds weie made to 1 
cc of the double stiength medium, the cultuics weie diluted to 2 cc with 
distilled wmtei, capped, autoclaved at 15 pounds pies&uie foi 10 minutes, 
cooled, inoculated, and incubated at 37° foi 24 to 3S hours Cultines weie 
then diluted to 10 cc with w'atei, and tuibidities corapaied visually or quan- 
titatively in the photoelectiic coloiimetei 

EesuUs 

Response of Ciilluies to Arginine and Related Compounds — The effects of 
aiginme, citiulhne, oinithine, and canavanine on the growth of the various 
test organisms aie compared m Table I Undei the conditions used, each 
of these organisms except Escherichia coh Y109 requires aiginine 01 one of 
its piecuisois foi giowdh Lactobacillus feimenti and Escherichia coh Y117 
can utilize either oinithme 01 citiulhne m place ot aigmine, L aiabinosus,- 
L casei, and L delbnieclai utilize citiulhne, but not oinithme, in place of 
aigmine Finally, organisms such as Sti eplococcus faecahs and Leuconostoc 
mesentei oides utilize neithei oinithme noi citiulhne, but require preformed 

- Lyman et al (5) leported that their culture of Laclobacdlus arabtnosus did not 
lequiie arginine for growth when the medium contained ample vitamin Be, and the 
carbon dio\ide tension was raised Under conditions used in this work, no growth 
occurred w ithout arginine or citiulhne duiing 48 hours of incubation On prolonged 
incubation, however, the organism eventually grew without added arginine, and by 
subculturing from such a culture, a strain of Lactobacillus arabinosus was readilj’’ 
derived which grew' lapidly without either oinithme, citrulline, or arginine 



B E \OLCiXI AXD E E SN'ELL 


S95 


arginine Such data indicate that arginine ^-nthesis in lactic acid bacteria, 
as m Neurospora (6), occurs ina the ornithine cjcle, and that an apparent 
requirement for arginine may result from loss of abilitj to catalj ze anj one 
of the several consecutive reactions mvolved m, or precedmg, this cjcle 
Xone of the organisms could effectively utilize canavamne m place of 
argmme, although high levels of this compound permitted verv slight 
groirth of Leuconostoc mesente) aides, Streptococcus faccalis, and Laclohacillus 
fermenti The groiith-promotmg activity here was considerably le»s than 
1 per cent of that of argimne, and may possibly result from the presence of 
traces of argmme as an unpunty m the canav anme As appears from the 

Tcble I 

Comparatac Effects of Arrjimne and Related Compounds on Grotclk* of Bacteria in 

Argintne-Frce Media 

I VddiUoas t amount per 3 cc. 


( 


Orgonijn 


Dt-Or 

utlime, 

KO 7 

DL-C»t i 
rutUce 1 
200 y 

t- \r 2 iaine 

l-Casa 
vimse I 

1000 y , 

! 

e Vrgiujsf, 

I lOy — L- 
cusai asis*, 

100 7 ! 

! lOy 

lOjOy 

L ara&tnosus 



x-r+ 1 

i 1 

T 

! 


“ casci 

— 

— 

-h++ 1 

1 + 0 .^. 1 

T 

— 


delbrueckii 


- 


, +-*-+ 

“T 

— 


*' fermcnli 

- 

444 

4t'4 

-r-r+ I 

-r 

= 


“ inescnteroides 

1 — 

— 

— * 

1 — u ^ 

4 



S faecalis 


- 

— 

4-0.0. 

, 1 

T 1 


-r 

E cohYlOO 

' 4-4- 

44 

44 

++ 

*r-r 

— 


“ “ yii7 

- 

44 


1 Tf 

-r 

— . 

— 


* — , no gro\tth, ±, barelj \isiblc growth, +, easily visible growth, — good 
growth, -{-++, heavy growth 

t Throughout thia table and Tables II and III these compounds were added as 
Di omithme HCl, ni. citrulline, l arginine IICl, and l canavamne }II SOi 

last column in Table I, the growth response of thc=e same three organisms 
was unaffected by excess t inav anme In separate experiments, concentra- 
tions of c inav anme sulfate as high as 5 mg per 2 cc failed to mliibit the 
growth response of these organisms to 10 y oi argmme, indcaid, this rc-pon. e 
w is enhanced by an imuunt equivalent to the slight growth obt untd with 
the s.ime quantify of taiuvanine alone Tlic behavior ol these highly re- 
sistant org luisnis stands m direct, centrist with that ui the other O'-ganisins 
tested With these, the growth response to argmme was prevented L,, 
simultaneous addition of sufficient canavamne Etcher cria co'i lOb, 
which grows well without addexi argmme, was hkewe-e 'uhiLited cy can-- 
\ mine* 
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Fulfcliei o\pcuinciits wcio conducted with cncli of tlio on^aubinb mlnbited 
by addition of canavanino SimiKu findmu;i wcio made in c.icli cubC, the 
mhibitoiy cftcctb ot cinavaninc utae alh'i i ited ly vddition ot incicased 
amounts of aiginino Only illusliatuc' dat i, obtanud witli oigunibins of 
diffcicnt typos, will bo givon below 
Fig 1 sliow'^b how' glow til of Esthnnhia colt Vi09 h all('( ted In \aiiation 
of tlio concentiation of aiginmo and iana\ iniiu 'I'hib oigitnism giowa 
maMiually in the abbonco of aiginini' In tlu absence ui can nainno, addi- 
tions of aiginino do not alloct giowlli I es-, than 100 7 of cuuvanine 
sulfate pci 2 ce of medium completely pie\ent giowth, smmlt uieoiib addi- 
tion of mcieabing amounts of aiginmc hydioi hloiide pt units giowth c\en 



Fig 1 Effect of concentration of arginine and canivaninc on giowth of Es 
chenchia coh Y109 Curve 1, no canavamne Curves 2, 3, uul 1 obtained with 100, 
200, and 1000 y of canavanino sulf ite respectively per 2 cc 

in the presence of laige amounts of canavanino The inhibition is competi- 
tive in natuie, the latio of canavamne to aiginine which peiniits half iuom- 
mum growth (galvanometei leading of 75) is 10 1, 12 5 1, and 10 1 
respectively, at the thiee incieasing levels of canavamne 

In Fig 2, the effect of additions of aigmine hydiochloiide and canava- 
nme sulfate on giowth of the argimne-ieciuiiing mutant of Eschenchia coh 
Y117 IS shown Heie agam canavamne inhibits giowdh, and the inliibition 
IS alleviated by additional aigimne In this case, the latio of canavamne 
to arginine which permits half maximum giowdh (galvanometei leading of 
60) IS appioximately 23 1 at the lowei concentiation of canavanme (1000 7 
pel 2 cc ) and only 8 1 at the highei (2000 7 pei 2 cc ) Thus, m this in- 
stance, aiginme is less effective in counteracting canavamne inhibition as 
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the concentration of the latter is increased This behanor -uas noted 
repeatedly 

Escherichia colt Y117 requires about 30 y of argmine per 2 cc to permit 
ma\unum grovvlh (Curve 1, Fig 2), addition of 2000 y of canavamne does 
not completely prevent growth at this level of arginine (Curve 3, Fig 2) 
The parent strain of Escherichia colt YlOO grows maMmallj without added 
arginme, since it synthesizes this ammo acid In the absence of argmine, 
however, less than 100 y of canavanme completely inhibits its growth 
(Curve 2, Fig 1) At equivalent levels of growth, therefore, the parent 
stram, which synthesizes its own arginme, is much more sensitive to the 
inhibitor This is to be expected, smce the inhibition is dependent upon 



Pig 2 Effect of concentration of arginine and canaianinc on growth ot Ls- 
chcnchia call Y117 Curve 1, no canavanme, Curves 2 and 3, obtained with 1000 
and 2000 7 of canavanme sulfate rcspectivelv per2cc 

tho ratio of the concentrations of arginme and canav inme In the ar- 
gmine-sjnthesizing culture, the arginme i* utilized for growth as formed, 
and presumablj never accumu! ites in excess Its concentration la abvavs 
verj’' low, and hence relativclj low concentrations ot canavanme suffice to 
prevent growth Wien argmine is added to tho medium, the scn^itjvit.v 
of the parent ind mutant stram to canavamne inhibition lo verv runilar 
(cf Curve i, Fig 1, and Curve 3, Fig 2) 

Eich of the lictic acid bacteru whoic growth w is mlubitcd bv i- 
vanine (Table I) was investigated m more detail fhe irnduizs m e^vh 
else were sinuhr to those recorded ibove lor the or/, ; s mumiu u 
Escherichia coh In Table II, the '•rgmire concentr funs rvn.-s-i’-, to 
promote cquil growth m the ab'once ind in the nri-erce 1 1 . ‘r eu-, b 
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lo^\ol specific !lotl\lt^, illuhti.ile till* rfl{( t ot manj'iiiioiH inn^ on tins rcac 
(ion 



0 100 


-o 

<s 


0.075 


z 
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o 

S 

0 050 o 
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0 025 
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Fig 2 Spcctrophotometiiv, tests with the liver Liujme, itversibiUtj of Reaction 
1 0 025 M glycjlgljcine buder, pH 7 1, and 1 0 micromole of MnClj with other 

additions as indicated Final volume 3 0 cc , temperature, 22° Qii irts cells, 
d = 1 0 cm The blank cells contained no TRX Curve 1,0 135 micromole of TPX„i , 
livei enzyme (specific activity 450) with 11 o of protein and, it time zero, 0 41S 
miciomole of Z-malate Curves 2 and 3, 0 10b micromole of TPXrou , b'er enzjme 
(sjiecific activity 150) with 29 7 of protein, ind, at time zero, 12 0 micromoles of 
pyimate Curve 2, 0 30 cc of 0 1 -u N iIICOj (satuiated with CO. at loom tempera- 
tme) added at Airoiv a, optical density readings corrected (or dilation Curve 3, 
0 30 cc of 0 1 at NaHCOj saturated with CO3 was present from the beginning The 
solutions used for these experiments w'cie freshly prepared with COj-free water 


Dismutahon belweeii Glucose-6-'phos'phatc and Piji uvate + COi — iVlthough, 
as stated above, the equilibiium of Reaction 1 lies veiy fai in the duection 
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of decarboxylation, it can be shifted m the opposite direction bj' couplin 
mth the glucose-6-phosphate dehydrogenase sj^stem, when Reaction 



Q ! ! I I L. 

0 5 10 15 20 25 

MINUTES 


Fig 3 0\alacetic carboxylase activity of hi er enzyme 0 1 ii acetate buffer, 
pH 5 2 , and 19 micromoles (425 c mm ) of oxalacetate with other additions as indi- 
cated Final volume 2 0 cc Gas, air, temperature, 25° The reaction was started 
Fy tipping in ovalacetate (0 5 cc of a freshly prepared solution containing 5 0 mg 
per cc , pH 5 2) from the side bulbs of Harburg lessels after temperature equilibra- 
tion Curve 1 , 1 micromole of iMnCl* Curve 2 , 1 micromole of ilnCl- and hver 
enzyme (specific activity 450) with 230 7 of protein Curve 3, 1 micromole of MnCli 
and hver enzyme (specific activity 450) with 460 7 of protein Curv e 4. liv er enzyme 
(specific activity 150) with 2 34 mg of protein, no MnClj Curve 5, same as Curve 
•1 but mth 1 micromole of iMnCl; 

occurs Under these conditions Z-nudic acid, which is formed m small 
amounts from pyruvic acid and CO 2 , can be determmed and identified by 
enzymatic methods 


hO 10 
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Malic acid was dctcunmed with the pigeon liver cnz>me, either by spec- 
tiophotoinctiic mcasuicment of the amount of TPN reduced or by deter- 
mining the amount of COj evolved by the dismutation between malate and 
pyuivatc (2) When pyiuvate is piesent in huge amounts, as is the case m 
the expeiiments to be de-jiiibcd Ijelow, the diiect spectiophotometric 
method gives values too low, mainly becaiisi ot mteiftrence Iiy the lactic 
dehych ogenase, which eont uninates the pigeon luei tn/-ymc In this case 
the manometnc method, which leiiunes the presence of pyiuvate, is more 
satisfactoiy Pigeon livei ens^me of specila activity above loO is of suffi- 
cient puiity foi the specific deteimination of /-inahc acid under our experi- 
mental conditions 

IVo cxpeiiments on hexose pho-iphate clisinutation weie carried out 
The composition of the leaction mixtures is shown m Table \ II 


Tvuif VII 

Composition of licacliun Mutum in I'xptnmoit'i on Di.iniitntioii bttuttn Gluco^i.- 

6 phosphulo and Pt/ruidti. Plm CO. 


I xpermicnt 1 


ItFcrimcatl 


Glucose G-phosphutc (sodium salt), inicromoUs 
Glucoso-O-phosphato dehydrogenase (,ZiLtschtitjLrini.iU), 

1 275 

1 

1100 

mg 

12 5 

50 0 

TPN, micromoles 

0 7 

2 S 

Sodium pyruvate, micromoles 

27 > 

1100 

AlnCl-, inicromoles 

1 

! ^ 

20 

Pigeon liver enzyme (specific ictivit> IbS), //i {7 proUm 

! 0 ss 

1 3 0 

Sodium bicarbonate, micromoles 

lOO 1 

: SOO 

Gas 

S0% N:-. 

10% CO: 

Final volume made up with water to 

10 0 cc j 

26 Occ 


Pigeon livei enzyme was added last The pi I ol the abov e reaction mix- 
tuies, after equilibiation with Nj-COj, was about 7 0 The samples weie 
incubated at loom tempeiatuie (22°) loi 2 hoius with occisional shakmg 
Samples foi analysis (2 0 cc each) weie taken as tollowi* Expermient 1, at 
zeio time just befoie addition of the livci enzyme, and aftei 1 and 2 houis of 
mcubation, Expeiiment 2, aftei 2 houis of incubation The lemammg 24 
cc (Experiment 2) weie used foi isolation of malic acid as outlined below' 
Immediately aftei withdrawal, the samples taken for analysis weie placed 
m a boiling watei bath foi 3 minutes, cooled, and centiifuged The clear 
supernatants weie used foi determination of malic acid 

An appioximate spectiophotometiic deteimination of f-malate in the 
samples fiom Expeiiment 1 was earned out on 0 1 cc aliquots of the supei- 
natants, pigeon livei enzyme of specific activity 168, with 88 y of piotein. 
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and 0 135 micromole of TPjN’ox bemgusedm each case From the amount of 
TPNred present when the reaction came to a standstill, it was calculated 
that the followmg amounts of Z-malate were present m 10 cc of reaction 
mixture at time zero, 0 31 micromole, after 1 hour, 3 05 micromoles, after 
2 hours, 5 0 micromoles The results of the manometric estimations are 
shown m Table WII By this method, 8 micromoles of Z-malate were found 

Table Vm 

Manometric Determination, of l-Malate Formed by Reaction 5 
Determination based on the measurement of the CO* evolution caused by the 
reaction, Z-malate pjruvate — ♦ pyruvate -f- CO. -f lactate, catalyzed by purified 

pigeon liver enzyme and lactic dehydrogenase in the presence of TPN and Mn"^ 
0 08 M acetate buffer, pH 5 2, 5 micromoles of MnClj, 55 micromoles of pyruvate, 
0 135 micromole of TPN, pigeon liver enzyme (free of fumarase, specific activity 168) 
with 440 -/ of protein, and an excess of crystaUine lactic dehydrogenase Other 
additions as mdicated Final volume 2 5 cc Gas, air, temperature, 38“ The 
reaction was started by tippmg in pigeon liver enzyme from the side bulbs of War- 
burg vessels after temperature equilibration 


COi evolaUon, cjnm. 


1 

Time 

BUal. 

2 23 miao- 
moles 
/-mabte 

3 72 micro- 
moles 
/ mabte 

11 2 miao- 
moles , 
/ maUu 

H 

Ezpenmeat 

1 1 5 cc. 
supernatant 
after 2 hrs 
mcubaDon 


mm 





1 



10 




41 ' 


27 

37 

15 

3 1 

48 

51 




tasa 

20 




53 

0 

34 

5i 

CO * 

6 

55 

86 

242 

0 

34 

61 

COi (corrected for I 

49 

’ SO 

236 


28 

55 

blank), c 

mm 1 







Z Malate found, j 

1 97 

3 57 1 

j 10 5 


1 25 

2 46 

micromoles 


1 

1 

1 



1 

Total Z malate j 



! 


8 35 

42 6 

formed, micromoles 


! 1 


i 

1 




* 30 to 150 mmutes, dependmg on the amount of malate present 


m 10 cc of reaction mixture m Experiment 1, and 42 micromoles of Z-malate 
m 26 cc of reaction mixture m Experiment 2, both after 2 hours of mcuba- 
tion This corresponds to about 3 and 4 per cent respectively of the pyru- 
vate added It will be observed that the amounts of Z-malate formed m 
each case are well m excess of the amount of TPN present, as required by 
Reaction 5 

For identification of the malic acid, the remammg 24 cc of reaction mLx- 
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I3I0b\NTIILSIb or DICAUIJOXIMC ACIDS I 


tuio fioin Expeiinicnt 2 wcio woikcd up ns follou.'i The solution was 
cooled m ice, 5 0 cc ot ice-cold 10 pci (cut sodium hiiuHite ucie added (to 
bind the pyiuvnte), nnd, iltei 3 minutes, the mi\tmc u is depiotcinized 
with S 0 cc of ice-cold lo p'u emit met iphosphoiu m id The piotom pie- 
cipititc W'ls lemmcd by centi ifui< ition luid llie supein itnnt uas extracted 
with cthci coiitiiuiousljy foi 72 hoiiis (11) 'I'lu* u-iidue obtained after 
cvapoiatioii of the ethm was ilis-,ul\(d m i little watei, the solution was 
biought to pll oO with .immoiuum h^dioMde, piciipitatcd with neutral 
lend acetate, and the lead piei ipit ile w m t\li utid with dilute nitric acid 
The leid salt, obtained b^ bunging the pll ot the mine .u id bolution to 0 5 
with dilute ammonium h>dio\ide, w m iciIh^oIm d in dilute nitiic acid and 
icpiecipitntcd at pll (> 3 m betoie 'riub w m lepe it(d once more Finallj'^ 
the lead salt was bUbpended in a little watei and ih'compo'cd with hjdrogen 
sulfide The solution was lu ought lo pll 7 1 with dilute sodium hydroxide 
and made up with w itci to d 3 ce (Solution I) 

As a eontiol, a bO mg bimple (lo miiiomoleb) of authentic /-malic aeid 
was dissolved m watei, pieeipit iletl with li id uetati' at pH oO, ind the 
piecipitate was cxtiacted with .leid lolloued !>> fi utioiution of the lead 
salts as above The fin il solution ot fiee ai id w ib biought to pll 7 1 and 
made up wuLh w itci to 3 5 ee (Solution 2) 

Fig 1 illustiatCb the icsultb ot the en/-)mitie expeiimentb cirried out 
with the above solutions Cuncs I, 2, and i show the piescnce ot /-malic 
acid Cuive 1 ib a conliol of the enz^inilic determin ition ot pjaixate 
with lactic dehjdiogcnaso Cuive 3 diowb th it rfolution 1 (0 01 cc added 
at Allow b) contained no pjiuxMte (’ur\e b shows that pyiuvate was 
foimcd on mcubition of an aliiiuot ot Solution 1 with pigeon luei enzjTiie, 
Mn++, and TPNo,t This w is done as follows .\itei completion of the le- 
action showm in (’uive 3 (indicating the luebcnce ot 0 lOo micromole of 
/-malic acid in 0 1 ec of Solution 1) the le iction inixtuio (3 0 cc ) was leidi- 
fied xvith 0 1 cc of 2 0 N IICl and heated at 100° toi 3 minutcb, TPAhea is 
thus desti oyed Aftei cooling, thcmi.\tuic w is biought bick topll 7 Iwith 
0 1 cc of 2 0 N NaOH and centiifugcd 2 0 cc ot the clcai supeinatant, 
which should contain 0 105 X 2/3 2, oi 0 ObO micioraole, ot pyiuvic acid, 
xvas mixed xvith an excess ot DPNrcu and ciyst dime lactic deh> di ogenase 
Cuive 6 (Fig 4) shows that 0 069 miciomole ot pyiuvic acid wais found 
Accoidmg to the data of Fig 4, 3 5 cc ot Solution 1, equixalent to 24 cc 
of the reaction mixtuie of Expeiinient 2, contained 3 7 micionioles of 
/-malic acid oi 4 0 miciomoles foi 26 cc of leaction mixtuie Since diiect 
manometiic deteimmation gave 12 6 raiciomoles (Table VIII), the iecox'’eij'’ 
(about 9 5 per cent) xvas veiy loxv It should be obseived, hoxx’^evei, that 
the fiactionation pioceduie, the mam object of xvhicli wasthe complete re- 
moval of pyiuvate, led to loxv lecoveiy of the acid m the contiol xvith an 
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Fig 4 Enzymatic identification of f-mahc acid formed by dismutation between 
gIucose-6 phosphate and pyruvate + CO. 0 025 ii gj\ cj Iglycine buffer, pH 7 4, 
with other additions as indicated Final \oIume, 3 0 cc , temperature, 22’ Quartz 
cells, d = 1 0 cm The blank cells contamed no pjTidme nucleotide iMalic acid 
estunations (Curves 1, 2, and 3), 1 0 micromole of MnCE, either 0 135 (Curves 1 
and 2) or 0 203 (Curve 3) micromole of TPX,,^, and at time zero, liver enzj-me 
(specific activity 168) with 132 7 of protein Curve 1, 0 02 cc of Solution 2 (see the 
text). Curve 2, 0 04 cc of Solution 1, Curie 3, 0 1 cc of Solution 1 P3ninc acid 
estimations (Curves 4, 5, and 6), larjang amounts of DPXred and, at time zero, 
crystalline lactic dehydrogenase Curve 4, 0 045 micromole of pyruvate added at 
^rrow a Curv e 5, 0 04 cc of Solution 1 added at Arrow b, excess of pjruv ate added 
at Arrow c (The failure of the optical density to drop to zero is due to the presence 
of traces of hydrosulfite in the preparation of DPXrej ) Curve 6, 2 cc of filtrate 
from the experiment reproduced in Curve 3, present from the beginmng, crystalline 
lactic dehydrogenase added at Arrow d The amounts of f-malic acid or pyruvic 
acid found are given for each curve 

authentic sample of Z-malic acid Fig 4 shows that 3 5 cc of Solution 2 
contained 8 micromoles of malic acid Smce 45 micromoles were fraction- 
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mOb\NTlII sib Ot DICVIinOV’iMC VCIOS I 


.itod, the locoveiy wtib only IS pci cent 'I’hc (ontiol nuohod onl> frac- 
tionation ol the lead bidts without dcpioteini/ation and tlhci c\trartu)n 

DIM t)b--.U)\ 

It would appear th.il the io\ci->il)le o\idalni di ( iii ho\j 1 itiuii ot malic 
at id lb catal} /ed eithei h\ a singlocn/A ineoi In cn/,\ inc-i wha h .lu sotlosilj 
abboeiated Ub to loiiu a tun< tional unit 1 heu ib -.oine -^iippoit foi tliib m 
the data jiiobcnted in I lit' hibt (oliiinn ol 'Pahlc \ 

Heat tion 1 ib piohahl^ thco\ci-ill ii-'iilt ot tin indn idiinl Ki actiona 8 
and 9 The fact tliat apiiaicntly the une tn/^ini ib ahlt to tat ilyzc 
l^eactioiib 1 and 9 would bteni to ■^llppolt ^iit h a \ ii w 

(b) i-Malatu -1 i)i ndmo nuclcotate.t o\ tiatet ito r jn ruliiie mu It otidti d 
(0) 0\id’i(,ctiite in ru\ 'itf r CO, 

IIowo\ei, we ha\e no tnuleiuethat Heattion S m tataly/etl hy the Iner 
en/yme, and alteinptb to obtain, in it-^ piciciue i letluctioii ot tnalacctate 
by TPNr,.a ha\e bO tai been uiiMit tt^'iiul One inmht, t>t eoniie, think 
that, while the en/Aine ib able to tktaibo\\l ite Miithetu t)\'ikitc tate, the 
leal inteinietliate nuglit he a toiin ot t)\ ilatt tatt which ihlicib in -ome re- 
bpeet tioin the one tiht'iiiietl In Muthe-'K Tlu tut th it tin en/\meh 
fully active m the abbencoof intat'anu phosphate mil VTP woiiltl soem to 
exclude pho&phoiylutcd inteimediatob, ilthoui^h tin thud phosphite m 
TPN might be iniohed in some ib yet unknown in innei The specific 
stimulation by TPN of the detaiboxy lation ol oxalai elite by the pigeon 
livei enzyme, w'hich is not shaied by the oxalacetic < irboxylisc ot ^^lcro 
coccus hjsodei Ulcus, might he bignihcant m this connection Such an etlect 
of TPN adds some suppoit to the idci that botli the o\ei-all leaction and 
the decaiboxylation of oxalacetate aie c.itilyzed by one and the same 
enzyme oi tunctional cnzymie unit 

It IS easy to visualize the failure ot a mixtuie ot m die dehy diogenase and 
oxalucetic carboxylase, each cataly'^zing Reactions 8 and 9 le&pectnely, 
to catalyze the ovei-all leaction Since the eiiuihbuum ot Reaction 8 ib 
known to be fai to the lelt, while that ot Reaction 9 is tai to the light, each 
would give use fiom eithei side to minimum amounts ot oxalacetate which 
would leach the siuface ot the othoi enzyme at too low a concentiation to 
leact at a sigmhcant latc Ilow'eiei, with a single enzyme involved, one 
could conceive that the mteimcdiaiy’- oxalacetate might leacli a sufficiently 
high local concentiation to be metabolized in eithci diiection light on the 
siuface of the enzyme wheie it was pioduced 

While it Is cleai that the pigeon livei enzymie is lesponsiblo toi the huge 
fixation of COj in fumaiate and malate obseu ed by E\ ins cl al (5) and by 
Wood et al (12), its lelation to the fixation of CO. in oxalacetate, occuiimg 
only m the piesence of ATP (13, 6), is a mattei foi conjectuie TPN can- 
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not be substituted for ATP for such i fixation^ (fa) Thus, there might be 
i mechanism toi fivition of C 0» pjnuatc otliei than that mvohang the 
‘nnhc” cnzj'me Since the e\pei invents on fixation of CO; m oxalacetate 
hive so fai been pei formed onl^ vnth cnide, or sbghtlj^ purified, pigeon 
liver piepai itions, it would be desiiable to cairj out such experiments vnth 
purified oxalacetic carboxylase from Micrococcus lysodeikticus, which does 
not catalyze Reaction 1, ind with highly purified preparations of the 
pigeon li\ er euzjmve 

There seems to be some lelationship of biotm to the liver enzyme (14), 
the nature of this lelation-hip, however, is still obscure 

It nuiy be significant that two systems of CO; fixation invohmg y3 car- 
boxy I vtion of an a-keto acid, namely the isocitiic and malic systems, both 
depend on TPN-specific enzymies for activnty' 

Methods 

Ciy'stalline lactic dehy di ogenase and malic dehy drogenase were prepared 
accordmg to Stiaub (8, 10) Fumaiase was purified from ox heart by the 
method of Laki and Laki (15) but it was not cry'staUized The glucose-G- 
phosphate dehy di ogenase (/ntschenfermeut) was kindly supplied by Dr 
Erwm Haas 

The preparations of DPN and TPX were the same used m previous work 
(2, 3) The TPN preparation (purity , 54 6 per cent), which was free fiom 
inorganic phosphate, contained little oi no adenosme polyphosphate 
(ADP, ATP) as shown by a sensitive spectrophotometric test This test 
13 based on the followang reactions 

(10) Phosphopvruiate + ADP ^ pyruvate + ATP 

(11) VTP + H.O ADP + orthophosphate 

The enzy me cataly zmg Reaction 10 has been isolated by Kubowatz and 
Ott (16), Reaction 11 is catalyzed bv adenosmetnphosphatase The net 
result IS Reaction 12 

(12) Phosphopy ru\ ate + H.O — ► pyruvate + orthophosphate 

Reaction 12 leciuireo the presence of catalytic amounts of ADP or ATP, 
but is not aftected by DPX or TPX The late of this reaction is, withm 
certain limits, a function of the concentration of adenosme polyphosphate 
The late of formation of pyuuv ite is determined, m the presence of DPXrea 
and lactic dehy'diogenvse, by spectrophotometric measurement of the rate 
of oxidation of DPX,ed (Reaction G) The results of these tests are lUus- 
tiated m Fig 5 An ammonium sulfate fraction from rabbit muscle extract, 
kindly supplied by Dr E Racker, contained the necessary enzyanes, includ- 
ing lactic dehydrogenase 

‘ Utter, M F , and Wood, H G , personal communication 



inos'tNTiiLsis or dioauhox^ i,k' \( ius r 


QOS 

The picpaiatiou of TrXrni ha-i alicifh hetai (Icsciiljc'd ( 2 ) Phos- 
phopyuivate ^\4^s Icuully '3iipplu'tl 1)3 I)i rieilnult Sdunult f-jMalic and 
iumauc aciclb weie ohtamod ( omineu iall\ d-Malu acid was propurod 
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Fig 0 Enzyni itK lest for \,1 P 0 02'j m j;ljL\l;;l}(inc' biilTer, j)II 7 1, 
ing amounts of DPXr, i )\Uli otlur addition-, i-. indiL iled Fiiiil \olume 3 0 cc > 
temperature, 22° QinrU cells, tl — 1 0 im i’lu* blsiik tells coiit lined no DPX 
Curve 1, crystalline lactic deh} tlrogenise iiid, at time zero, J 7 imtromolcs of phos 
phopyruvate, at Arrov o, addition of 0 1 r>muromole of \.TP Cur\e 2, (XHi) S0» 
fraction from rabbit muscle extract (see the text) and, it time zero 1 35 micromoles 
of phosphopyruvate, at Arrow b, addition ot 0 13) muroniole ot VTP Cune 3, 
muscle fraction and, at time zero, 1 35 umioiiioles of jiliosphopMiu ite, at Vrrow c, 
addition of 0 0()75 miciomole of TPXo^ , it Viiow d, aildition of 0 0135 muroniole of 
ATP Curve 4, muscle fiaction and, at time zero, 1 15 microniole of pliospliopj ru- 
vate, at Arrow c, 0 0G75 miciomole of TPN,,^ , at Arrow J, 0 027 micioniolo of VTP 

irom a commeicial sample of (//-malic at id In icsolufcion uith 01110110111110*“ 
accoiding to Dakm ( 17 ) 

^ We are greatly indebted to Di B B Biodio foi a genoious supplj of the alkaloid 
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Highlj specific methods for the determination of pjTuvate and f-malate, 
witli use of cr>stallme lactic dehj drogenase and the pigeon liver en^nne 
respectiv elj , hav e been outimed m. a previous section The spectrophoto- 
metric method foi malate giv^es satisfactory results with enzjTne of specific 
activities between 150 and 200, provided that pjTuv^ate is not present m too 
large amounts relative to mahte A 5-fold excess of pjTuvate does not 
mteifere If higher relative amounts of p^Tuvate are present, the mano- 
nietric method is picferable However, the sensitmty of the former 
method is much higher, smce about 5 7 of 1-malate can be accurately deter- 
nuned By usmg purified fumarase m combination with the pigeon hver 
enzyme, 1 -malate and fumarate can be determined separately m a mixture 
contammg both compounds 


SXJMMAET 

The partial purification and properties of a TPN-specific enzjTue from 
pigeon liver, catalyzing the lev ersible oxidative decarboxj'lation of Z-malate 
to pyruvate and COo, and the decarboxjdation of oxalacetate to pyuiivate 
and CO; are described The actmty of this enzyme is markedly enhanced 
by manganous 10 ns While the evidence so far obtamed suggests that a 
single enzyme, or functional enzjme umt, is mvolv ed, final decision on this 
pomt must await further purification 

The new enzjme probably plays a major role m the fixation of COj by 
pyruvate m the liver In analogy with the tricarboxjdic acid system, the 
equilibrium of the ov er-all 1 eaction, markedly m fav or of decarboxylation, 
can be shifted m the opposite direction through a TPX-linked dismutation 
with the glucose-6-phosphate dehydrogenase ^stem The small amounts 
ot Z-malic acid formed from pyruvic acid and CO 2 under these conditions 
have been deteimmed and identified by enzymatic methods 

Our thanks are due to Miss Marian L Blanchard and Dr J B I'eiga 
Salles for help with some of the experiments We are also mdebted to ilr 
Morton C Schneider for techmcal assistance 
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THE ACONITE ALKALOIDS 

XAI FURTHER OXID\TIOXSTtrDIES WITH A.TISIXE A.XD ISOA.TISI\E 
B\ CHARLES F HUEBXER v.nd W\LTER A JACOBS 
(from the Laboralories oj The Roclejelter Inslitute for Medical Research, Xew \orl) 

(Receued for publication, March 31, 1918) 

rite mild oxidation of isoatisine, CijHijOcX, tnth permanganate to a 
neutral dernatne, C^HjOiX, has been premously desenbed (1) Furthei 
studies hate shotra that isoatisine and atisine can be oxidized to a mixture 
of acidic substances bj’’ more drastic piocedures and the separation of set- 
eial of these acids is leported here The oxidation piesumablj passes 
through the neutral lactam stage such as oxoisoatisine, since the acids are 
not amphoteric and hate giten no mdication of the letention of a basic X 
group 

Isoatisine lias giten a Incarhoxylic acid, C«iHi^OrX, m good tneld The 
additional oxj gen is assumed to be present in the lactam groupmg The 
acid melts tt ith et olution of approximatelt 1 tt equit alent of CO2 (tnthin 
15 mmutes) Since the acid ttas stable to heatmg ttuth rather concen- 
trated acid or alkali, decarboxj lation of a malomc or acetoacetic acid tj^pe 
appears excluded Both the acid and its thorium salt ttere p5Tolyzed under 
a variety of conditions m attempts to obtam a cj chc ketone, the formation 
of ishieh might haie been the source of the COj However, only small 
amounts of a resinous mixture resulted, from nhich nothmg crystalhne 
could be obtained The study of such material nas therefore inconclusue, 
although its neutrahzation equivalent indicated the retention of approxi- 
mately two carboxyl groups 

The Inmeihyl ester obtained \nth diazomethane from the acid, C'siHjsOrX, 
although non-crj stalhne, was purified by sublimation It could be sapom- 
fied quickly to a crystalhne monomelhyl ester The latter proi ed to be rela- 
tively resistant to further sapomfication The carboxjd group mvohed 
appears most probably to be of tertiarj" character The monomethyl ester 
when heated above its melting pomt only verj gradually yielded an appre- 
ciable amount of COi, and after an hour this amounted to about 0 5 
it equivalent This suggests that the tertiary carboxyl group may be 
the source of the CO2 m the case of the acid itself 

The tnearboxyhe acid 11 hen refluxed inth anilme yielded a dernatne, 
CsvIfs-OaiY;, titration of iihich showed it to be a monocarboxy he acid The 
compound must therefore be a cschc N-phenylumde which mchcates the 
proximity of the two carboxyl groups mvohed On treatment of the 
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pheiiylimiclc wiUi clm/omethane, Uio jmule iing was opened with the* forma- 
tion ot a diinelhyl ci>lu anilide 

In 0.11 ottoinpt to hydiogenalu the liuiulioxyhe ueid in methiuiol whieh 
contoincd IICl, hydiogeiuition did not oceiii Imt tlu* suhstame lecoveied 
piovcd to bo o dinu (lujl tstu In the lottei, bemuse of its of Mponifi- 
cation to the ouginal tiuaiboxylu acid, the teitiaij (aiboxjl gioup (ould 
not hove been involved 'Hie dimethyl c-itei, howeici, now ofipe.iud 
hufhcicntly stoble on hcMting to peimit of its distillation um hangisl 

The tiicaiboxyhe acid wasdohydiogen ih d with sch'imim to a mi\tmc of 
phenanthiene liydiooaibons fiom which I,()-dimethjlphen intlucne was 
bepaioted If one excludes the unlikely piodiietion ot a iihenaiithrene hy- 
diocaibon by iing closiiie ol a naphthalene Iragineiit or the lathor inipiob- 
able conveibion of a caiboxyl to a metln 1 gioup duiing the dehvdiogcnation, 
the pioduetion of 1,0-duuetln Iphcnanthrene is of spcei d significanee, since 
it has aheady been shown that l-niethjl-tj-etlulplun inthrene is a dch}- 
diogenation pioduet of atisine (2) This indicate-^ th it in the prodiu tion 
of the aeid, C'siII.-jOrN, fioni isoatisine, the oxidation must h'i\e mvohed 
that poition of the molecule which gave use to the ethjl gioup m metli}!- 
ethylphenanthi one 

The piobable abscni c of a double bond in the ti uaiboxi Ik acid was indi- 
cated by the failuie of attempts to h^diogenate it in methanol, in icotic 
acid, or m niethauohc IICl On such a b isis, the toimiil ition lequues its 
tetiacyche chaiactcr Othei evidence is against its uiisitui'ited tricyclic 
charactei If the latter w'eie the case, the non-basic 1 ictaiu X atom would 
be lestiicted to a side chain But all attempts to h\diol>/:e the substance 
proved futile It was lecovered unchanged m extellint \ield aftei tieat- 
ment with 8 N IICl at 150° foi b houis, allvi '^vhitiuu in eoneentiated II.SOi 
at loom tempciatuie for sevtial dajs, ittei letluxing in 10 pei cent XaOH 
foi b houis, aftei fusion with molten alkali at 300°, and dtei tieatmcnt with 
the methyl Grignaid leagent undei loieing eoiuhtion- V simple amide 
linkage would be expected to be opened bj such pioceduies The obsei%ed 
stability of this linkage mvy be due to its inclusion in the touith iing ot the 
tiicaiboxylic acid, with a stone auangement which is \ei> icsistant to 
cleavage 

An eftoit was made to dcteimine whethei the nitiogen was ot secondaiy 
oi ot teitiaiy chaiactei The sulistaiue was lieatod w ith hiomino in meth- 
anolic NaOH undei the conditions ot the notinaiin dogiadation but was 
lecoveied unchanged Binulaily un&uceesstul weie attempts to biommate 
it in neutial oi in acid solution Because of the negative outcome of such 
expel iments, the degiee of substitution of the lactam nitiogen has not been 
deteimmed It appeals ceitain, how'evei, that the lattei does not beai an 
ethyl gioup, since the 21 caibon atoms ol the substance hai e been accounted 
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for in the followmg manner 16 are present in the 1,6-diniethylphenan- 
threne fragment, 3 in the carboxj 1 groups, 1 m the lactam group, and 1 m 
the carbon atom lost durmg the oxidation of isoatisme to the CjiH^^O-X 
acid Although the onginal alkaloid gave about 50 to 60 per cent of the 
required amount in the X-alk\'l determination, oxoisoatisme gave about 35 
per cent and the tricaiboxjdic acid onl^ about 19 per cent of the theoretical 
for X ethyl (deteimmed as XC'H^ Isoatisme under the conditions of the 
X-alk:3l determination has pre\iousl3- been shown to jneld eth3l iodide 
together wath small amounts of meth3l iodide (1) But the difficulties 
which we hat e encountered m the X-allad determinations vnth this class of 
substances hat e made it unsafe to base too much on the results obtamed 
There is a possibiht3 that if atisme and isoatisme do not possess a simple 
X-eth3d group, the tertiary X could be contamed m two rmgs m such a wa3' 
that the source of the ethyl iodide is a ttt o carbon bridge mvolvmg the 
X atom The loss of ttt o cai bon fragments has ahead3' been mdicated b3' the 
cont ersion of oxoisoatisme with methanohc HCl to an apparent CioH-jOjX 
dent atit e and by the production of a C;oH;aOX compound from atisme b3' 
catalytic deh3 drogenation under high pressure (1) But the available data 
do not permit a final decision as to whether the so called X-eth3l group is 
mvolved m these transfonnations 

More recentl3 , an apparent loss of a two carbon fragment accompanyang 
partial decarboxylation of the tricarboxylic acid has also been noted By' 
treatment of the latter inth either thionyl chloride or bromme and phos- 
phorus tribromide followed b\ decomposition with water, a cry'stalhne 
dicarboxylic acid was produced for which a possible formulation, CisffaOiA', 
has been suggested by the anaUdical data 

The tncarboxy'hc acid does not appear to be a monosubstituted acetic 
acid, RCH2COOH, because of the failure to brominate it under the condi- 
tions of the Hell-^’olhaid-Zelmskx method and because of its recox ery’ im- 
changed w hen the Hunsdiecker reaction (3), t e the action of bromme on its 
silver salt, was attempted 

Atisme, when oxidized undei the same conchtions used for isoatisme, 
yielded a dicarboxylic acid, C.iH^^OeX, m x eiy small yneld, together xvith 
oxalic acid Xo oxahc acid was isolated from the oxidation of isoatisme 
described aboxe The acid which was separated from the oxidation mix- 
ture by the counter-cun ent procedure of Craig (4) showed no basic proper- 
ties and was therefoie of lactam character It proxed to be stable abox e its 
meltmg pomt and could be subhmed imchanged The sapomfication of its 
cry'stallme dimethyl eslei to a moie reaistant monomethyl ester suggests the 
tertiary character of one of the carboxy 1 groups The substance absorbed 
hydrogen m acetic acid and, although a ciystalhne product was obtamed, 
its formulation remains uncertam and will be left to a later commumcation 
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Like the tiiciii boxy he ncidfioin isoafcisine, tliisiicicl, fiom itsfoimulationund 
ability to icacb with li^^dio^en, possibb' contains foni iings It did 
noticactwith liydioxylaminoanditsabboiption bpootium didnotindicatethe 
piesence of a caibonyl gioup By a moie diastic oxidative piocediae uith 
permanganate, a CvJhiOt^N li lunboxyhc acid was also obtained fiom ati- 
sine It was isolated in voi}' small yield 1)}' the (ountci-euiientproceduie 
Fxom the faets at hand it is still piematuie to attempt to suggest definite 
stiiietuies foi atisme and isoatisine IIow'e\ei, the data appeal to poimit 
of eeitain eonehisions Theie ajipeais to lie pieseiit a pentac^elu stiue- 
tiiie made up m pait of a pcih3'’diophen.inthienc nucleus with a methyl 
gioup attached to position 1 Fused to this is a bit^che staietuie con- 
taining the teitiaiy N atom One point of attachment of this moiety 
to the peihydiophenanthiene nucleus appears to be at position 0, in 
isoatisine the hydioxyl gioups and the two double lionds of the original 
alkaloids do not appeal to bo a pait ot the peilydrophenanthieno nucleus 
One of the hydioxyl gioups appeals to be of a iniin'ii> chaiactei and the 
soiiice of a caiboxjd gioup on oxidation A iing which is outside of the 
peihydiophenantluenc nucleus and contains a double boiul, and perhaps 
one of the lydiox}'! gioups, appeals to be luptuu d dining the oxidation to 
the tucaibox3hc acid 


i:\i>i uiMLM’vn 

Tncaihoxyhc Acid, C-nIIaO-nY, fiom /boali^inx — o gm ot isoitisine in 
100 cc of benzene weic lapidly stiiied with a solution of 1 25 gm of XaOH 
m 100 cc of winter and cooled to 10° At this tempeiatuie 15 gm ot pow- 
deied KMnOi w^eic added dining 3 houis An additional 5 gm were 
added and the stiiimg continued oieinight to complete the oxidation The 
benzene wxis sepaiated b}^ centiitugation and yielded a negligible amount 
of lesmous mateiial Aftei lemoval of the IMnOj, the aqueous filtiate w is 
stiongly acidified wath HCl A doiighj- mass sepaiated which was i educed 
to a powalei on chilling and collected Vftei solution m a minimum of 
hot watei and cooling, platelets sepaiated B3 concentiation two succes- 
sive fractions weic obtained The total Aicld was 2 0 gm It decom- 
posed at 258-261° wath gas evolution 

[«ln = -bO 3° (0 = 1 31 111 methanol) 

CsiHojOjN Calculated C 61 SS, H 7 IS, N 3 11, (XBCHj 3 6S 

Found (a) “ 62 04, " 7 0-1, “ 3 15, “ 0 70 

(b) “ 61 63, “ 7 10, “ 3 50 

Neutralization equivalent (3COOH), calculated 135 7, found 139 

176 mg of the acid weie heated m a sublimation apparatus at 300° foi 
15 minutes while a slow stieam of COs-fiee an was passed thiough the 
apparatus into a towei packed with glass beads containing 0 1 N Ba(OH)j 
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A^ery soon the production of CO 2 was evident The temperature was low- 
ered to 120° and the air stream was contmued for 30 mmutes Titration 
with 0 1 A UCl show ed that 0 85 equivalent of CO 2 had been produced 
An attempt was made to sublime the residue at 0 05 mm from a bath at 
300° but only 15 mg of an amber resm were obtamed 

100 mg of the acid when melted and sublimed as rapidly as possible 
at 320° and 0 05 mm yielded 35 mg of a resm, C 62 20, H 7 03 A second 
evperiment ga\e a resm which yielded C 62 93, H 7 50 

Various methods of fractionation jielded nothmg crystalhne from such 
material AATien the resm was dissolved m a large ^olume of ether and 
concentrated, an amorphous powder separated Analj'sis showed C 64 23, 
H 7 51 , neutrah 2 ation equivalent 176 
Methyl Esters of Tricarboxylic Acid — 0 2 gm of the CaHosOrN acid dis- 
solved in methanol was treated wath an excess of diazomethane m ether 
-tSiter removal of the solvent, the resmous residue of the tnmethyl ester 
could not be crystalhzed and was sublimed at 300° and 0 05 mm 130 mg 
of a resm were obtamed 

[«1d = +9 6° (c = 2 09 m ethanol) 

C.,H; 507 N Calculated C 64 10, H 7 85, OCH, 20 71 
Found “ 64 43, ” 7 89, “ 19 61 

187 3 mg of the trimethj I ester were heated at 100° m a mixture of 5 cc 
of methanol and 13 cc of 0 157 x NaOH 0 5 cc ahquots were withdrawn 
at intervals and back-titrated with 0 02 x acid After 5, 30, and 100 
mmutes, the alkah consumed was 1 89, 2 06, and 2 13 eqmvalents The 
solution was concentrated to a small volume and acidified The resmous 
mass which separated crystalhzed on boilmg After recrj’’stalhzation from 
water, 62 mg of rod-shaped crj'stals of the monometh}'! ester of the acid 
w ere obtamed, which melted at 210-215° 

(ajo = +1 8° (c = 1 67 m ethanol) 

C-jHjiOjN Calculated C62 67,H7 42,X3 33, OCH 7 36, (X)CH,3 56 
Found “ 62 46, " 7 48, “ 3 48, “ 7 15 “0 72 

Xeutrahzation equivalent (2COOH), calculated 210 6, found 222 

220 mg of the monomethyl ester were heated m the apparatus as de- 
scribed above with the tricarboxyhc acid itself The substance melted at 
about 200° Smce no BaCOz was observed, the temperature was raised 
to 280° m 15 mmutes, at which pomt a shght precipitate of BaCOj became 
evident Heatmg was contmued at this temperature for 60 mmutes as the 
BaCOj slowly mcreased Bj-- titration it w is shown that 0 52 m equn alent 
of CO 2 had been produced The residue, when subjected to a sublimation 
at 280° and 0 05 mm , yielded 70 mg of a non-crj^stalhzable lesm Found, 
C 64 53, H 8 12 



1006 


ACONITU ALIULOIDS XXI 


A uipicl faublundtioii was pciiouncd b> melting 200 rng of the ester at 
220° and then lapidly laismg the tempei ituie to 1100° with i eduction of 
tlie piessure to 0 02 mm 170 mg ol a le-^in weie obt. lined b’ound, (' 
63 01, II 7 3S Fioin dilute methanol SO mg weie obtainifl (i^stalline, 
m p 200-210° 'L'hi' melting iioint of a mivluie with the oiigm.il substance 
WMs 208-215° 

CsdljiOyN (yiikul ileil, G bi b7, 11 7 U, fouiKl, C bj Is, II 7 o2 

2 1 gm of the liic.ubo\ylic .icid weie sh.iken loi 3 d.iji with 0 60 gm ol 
platinum o\ide eahily^t m 50 ei of meth.inol which i out lined 2 1 1 of IICl 

(119) The lijdiogeu abioiption did not (Meed th.it uciuircd b> the 

catalyst The substance ieeo\eied horn Ihe mixtiiii* pioicd to be .i 
dimethyl estei .ind ( lysl.illi/ed tiom melh.inol-w.itei as stout ihombi wha h 
softened at 235° and melted at 210-215° 

[“lo — 'klo (c — J 02 in Ltliunolj 
CjiHuOtX Cj tlcul ittii O bJ 11, Jr / bl, OGH^ 1 1 2b 

Found " ()1 .55, “ 7 bS, “ 1.5 tO 

Ncutnili/ution cquii dent, i ilcul Util, 1.55 27, found 110 

200 mg of the dimethyl estei weie sublimed .it 250° mil 0 02 mm and 
the sublimate was leciyslalli/ed from dilute meth mol 1 10 mg ol starting 
matciial weie ieco\eied which melted .it 210-215° 

209 mg of the dimethyl estei weie he.iti'd .it 100° with 1 1 ci of 0 157 
^ NaOII Samples weie withdiawn .iftei 5, 15, mil (lO minutes and 
show'ed the consumption lespectnely of 2 95, 2 95, .mil 2 99 equu .dents 
of alk.ili Aftei acidification ol the mwtuie the tiic iibo\> he .leiil was 
lecoveied and melted with ileiomposition .it 2()0-261° 

Aniline DenuaUvei> of Ti icaiboiijlu And and EAti — 100 mg ol the 
CjiIIj'jOtN acid weie lefluxed m 0 5 cc ol lieshh distilled miline toi 30 
minutes Cold dilute IICl w.is .idded to the mixtuic .mil the solid material 
w^as collected It was decomposed w itli dilute NaOII and the excess aniline 
was extiaeted with ethei The alkaline phase wns acidified with IICl md 
the lesulting gum was extiaeted w'lth ctlnl acet ite The extiact aftei 
concentiation yielded mateiial which paitiall^ ci}st illi/ied fiom ethanol- 
wMtei *‘Vftei lepeated leciystulhzation from the same soheut, 30 mg of 
stout needles w'eie obtained which softened at 293° •md melted at 299-302° 
with gas evolution 

CivHj.OoNi Ciilculatcil C b'J 7U, it b 95, N 6 03 
Found “ 09 92, “ b 9S, “ G 30 

Noutiali/iition equivalent, calculated 461 20, found 17b 

20 mg of the aniline deiivative w^eie suspended in 2 cc of methanol and 
an excess of diazomethane in ethei was added Aftei an houi at loom 
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temperature the soh^ents ^\ere removed and the residue vras dissolved in 
ethyl acetate The solution was shaken with 5 per cent XaOH, dried, and 
ev aporated to drjmess The residue vuelded from dilute methanol 15 mg 
of line needles which melted at 230-235^’ Aftei three reciystallizations, 
the melting pomt was 235-238° 

C-jHaiOtX. Calculated C 68 19, H 7 50, X 5 49, OCH, 12 16 
Found “ 68 32, “ 7 30, “ 5 S3, “ 10 98 

Dehydrogenation of Tricarboxylic Acid — mixture of 2 gm of the acid 
and 2 3 gm of selemum was heated m a tube fitted with an air 
tondensei At 260° vngorous gas evolution accompanied by^ water con- 
densation was noted The temperature was raised to 320° for 7 hours 
The ground reaction mass vras repeatedly extracted wath hot benzene 
The benzene solution was shaken m turn wath 10 per cent HCl and 5 per 
cent XaOH The former was made alkahne with XaOH and extracted 
with ether The latter juelded on concentration 50 mg of a basic fraction 
The XaOH extract after acidification with HCl yielded a neghgible amount 
of acidic material The benzene solution of the neutral fraction is de- 
scribed below 

The crude basic fraction was chromatographed on alumina pierck) 
from benzene By elution with benzene a zone which showed blue fluores- 
cence under ultraviolet hght was obtamed It consisted of 10 mg of a 
colorless oil with a qumolme-like odor The picrate was prepared and, 
after two recry stallizations from ethanol, 5 mg of small yellow needles 
were obtamed which melted at 311-316° Further study of the substance 
has been deferred because of the amount av ailable 

CnH-jX CeHjO Xi Calculated, C 58 69, H 5 57, found, C 58 75, H 5 74 

The benzene solution of the neutral fraction when concentrated to dri'- 
ness yielded 0 51 gm of a brown tar This was chromatographed on 
alumina from benzene On elution with benzene a band which fluoresced 
under ultraviolet hght emerged and amounted to 0 11 gm This was 
rechromatographed on alumma from petroleum ether Elution with 10 
per cent benzene in peti oleum ether yielded 50 mg of a colorless oil which 
crjstalhzed on chiUmg After two i eery stallizations from ethanol, 20 
mg of plates weie obtamed which softened at 90° and melted completely at 
105° Smee it was an obvious mixture, its further fractionation was 
studied 

A chromatograph on alumina wath petroleum ether as solvent was pre- 
pared The column was developed and eluted wath 1 10 benzene-petrol- 
eum ether .\s a broad fluoresemg zone emerged, it was divaded into two 
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fiactionb I'lio fn&fc fuiction aftci icci>stalli/ulion from efluinol melted 
at 85-95° 

CisIIh Cnlculjittcl, C 93 15, II (> 8 >, foiini), C 91 11 , If 9 7S 
Tlie boeond fiaction yielded tiystals wIik li melted at 95-100° 

I'ouml, C 93 y, II (» 01 

The pieiatc ol the lust tiactioii was piepaied and aftei two ie( lybtalh/a- 
tionb fiom etli.inol melted at 1 10-1 11° The hvdioiaihmi wa-? legeneratcd 

52 

SB 

-n 

so 




2200 2-100 2600 2600 3CCO 3200 3SOO 3600 

^(A) 

Fig 1 C'ljHu ludrot irbon iii itliinol 

fiom the piciate by pabsing itb ethanol bolution thiough alumina Attoi 
leaybtallyation fiom ethanol, the hydiocaibon was obtained ab platcb 
which melted at 81-88° The ultia\iolet ab&oiption &pectitim i& shown 
m Fig 1 A sample of l,b dimethyiphenanthieiie, which was kindly sent 
to us by Pioiessoi R D Haw'oith, meltctl at 88-90° A mixtuie ot the 
two melted at 86-88° The piciate of the puiihed dehydiogenation hydio- 
caibon ciystalhzed fiom ethanol m yellow -oiange needles which melted 
at 142-143° 




Cioltu C 0 H 3 O 7 N 3 Caloutatcd C 00 00 , II 3 93 
Found “ 60 57, “ 3 81 
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The melting pomt of a mixture with the picrate prepared from the au- 
thentic l,G-dimethylphenanthrene was 142-143° The tnmtrobeazene 
addition product prepared from the hydrocarbons from both sources crystal- 
hzed from ethanol m pale yellow needles and melted at 163-164°, No 
depression m melting pomt was noted with a mixture of the two substances 

Action of Bromine-Phosphorus Tribromide and of Thionyl Chloride on 
Tricarhoxylic Acid — 2 gm of the tncarboxjhc acid were mixed with 1 cc 
of bromme, and 0 5 ec of phosphorus tribromide was added with stirrmg 
After standing overmght at room temperature, the mixture was heated on 
the steam bath for 1 hour and then boiled with 50 cc of water On cool- 
ing, a yellm\ resm formed This was recr 3 "atalhzed m portions from water 
as described below for the thion^ 1 chloride product The substance sepa- 
rated as small aggregates of microscopic often triangular leaflets which 
melted at 220-223° 

CisHjsOjK Calculated C 6i 44, H 7 52, N 4 18 

CisH.jOjN “ “ 64 05, “ 8 07, » 4 15 

Found “ 64 40, “ 7 95, " 4 13 

Neutrabzation equivalent, calculated 167 6, 168 6, found 185 

150 mg of the substance m methanol were treated with an excess of 
diazomethane After removal of the excess reagent and solvent by con- 
centration the residue was subhmed at 200° and 0 02 mm 130 mg of a 
resm were collected which could not be crj'stallized 

C.oH jOJS’ Calculated C 66 07, H S 05 OCH, 17 OS 

CjoHjiOsN “ “ 65 71, “ 8 55, “ 17 OO 

Found “ 65 68, “ S IS “ 17 05 

0 1 gm of the tncarboxyhc acid, when stirred with 1 cc of purified 
thionyl chloride for 30 minutes, gradually dissolved -\fter wannmg to 60° 
for 10 mmutes, excess reagent was removed in laciio The residue was 
boiled with 100 cc of water and filtered from a vellou gum The extract 
was concentrated to about 10 cc , when tnangular leaflets separated which 
were larger than in the previous case 30 mg were collected The> lost 
birefringence at 200° and melted at 220° with decomposition 

Found (a) C 64 11, H 7 97, N 3 91 
(6) “ 64 15, “ 7 84 

Iveutralization equivalent, found ISS 

Alethj lation wath diazomethane and distillation at 220° and 0 02 mm 
yielded a resm which could not be cr 3 ’-stalhzed and closely resembled m 
properties the ester described abov e Found, C 65 78, H 8 39 

Attempted Degradation of Tricarboxylic Acid iiiik Bromine (3) — ^200 mg 
of the tncarboxyhc acid were dissolved m an equivalent of dilute NaOH 
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and tieatcd with a solution of 0 27 of --ilvcr mtiate in 3 ec of water 
W'ltli vigoious hhakinij; d'ho j^elatinous ^iKei "'dt was colleitcd, wa^hcd 
well with w’atei, and then diied tn taciio o\ei pluj-iphoiiis lantoxidc The 
lesuUing 800 ni}; weie lefluxed in 20 ee ot dij ( iihon teti.u hioiide and a 
solution ol 0 2 m; Inoiniiu' in this solvent was addul 10 u weie rapidly 
deeoloii/ed An additional 10 (t wiae addid uul the la itinj; was (on- 
tinued foi iO minutes 'The solid inaleiid w is filuud oil .iiul the filtiatc 
oil evapoiatiou jieldeil a ne|!;li»;il)le lesidui 'I’lie siKci «-.ilt was decom- 
posed wuth dilute llC'l and m tuin shaken with dilutt XaOll The lil- 
tiato lioin the solid niatmial when ai idilied with IK’l \ieldf d .i "um whidi 
W‘\b eolleeted On leiijstalh/'ition liom w ilii ')() ini' ol pi ites wine oh- 
lamed which melted with deiomposition it 2')'i-2t)2'' and pio\ed in othei 
W'a\s to be uneh uif'cd ti a aibow he ai id 

C.ilf jO-N Calc uliilisl, f* ()l ss, IF 7 is lotiml, (' Cl t7, IF 7 ()'> 

Diuuboujlit Acid, C'ji//jjO„V, fiom Kisim "> i;;m ot atlsini lijdro- 
ehloiide weie btiiied lapidlj in a mivtuie ol 100 u ot bi n/ene ind 100 ct 
of IIjO which contained 1 28 mm oi \ lOll Ihe tempei itiue was kept 
at 10° and S 0 gm ot KMiiOt weie uldid m small poitioiia diirni}; } hours 
The muvtuic was then allowed to le ith loom tempi i itmc ind an additional 
9 4 gm of Kl\[n 04 weie .aided m thue poitioiis Bj luoimnm the le igent 
had been completely usid up 'Ihe unuous ind ben/eiu* phi'is were 
sepaiated and the luttei yielded onl\ 80 mg ol a luutial risin whith w is 
discaidcd The aqueous (iltiate was mdihed with lIC’l and 12 gm ot i 
lesm were eolleeted The liUiate tiom this w is lomeniiated to dr>UL's 
and the icsidue was extiacted lepeatedh with hot etlnl net do The 
lattei on slow i omentiation \ulded luge u\s| il^ These were leinstd- 
hzed tiom watei 0 21 gm ot o\ahi aid diliMli ite w i-. obt lined The 
lattei lost ci 3 'stal waitei at 108-109'^ uul deiomposi>d with \igoious gis 
evolution at 195-190° and agieed m olhei piopeities with in aiithentii 
sample 

Neuti ili/iitiou eqiiiv ilent, c ilciil licit Oi 02 louiiit oi 2 

I 

The 3 2 gm of lesin weie subjected to a nine stage couiitei-LUiient dis- 
tiibution in sepaiatoiy tunnelb with, m each i ise, 50 ei ot etlul aietate 
and 50 cc of 2 m phosphate bulTei (pH 5 9) Vftei the distiibution each 
funnel wms made stiongly acid with H.SOt and lepeatedh extiacted with 
ethyl acetate The mateiial tiom Funnels 5 and b paitially ci>stalhzed 
aftei evapoiation of the solvent The ciystdlme mateiial w is collected 
wuth ethyl acetate and iccn'stallized tiom dilute ethanol 0 2 gm of 
ihombs W'as obtained which melted it 523-32()° ittei piehminaii'’ soften- 
ing at 310° 



C P HtrEB^*ER AXD "W A JACOBS 


1011 


[a]5 = —23 5“ (c = 1 62 m ethanol) 

CuHjiOtN Calculated C 64 41, H 7 47, (N)CH, 3 84 

Found (a) “ 64 60, “ 7 33 “ 1 12 

“ (6) “ &4 37, “ 7 41 

Neutralization eqmvalent, calculated (2COOH) 195 62, found 193 

Aftei recrj^stallization from an ethanol-ethyl acetate-petroleum ether 
mixture, the melting point remameci essentiallj” imchanged 

Found, C 64 29, H 7 57 

100 mg of tlie acid ivere sublimed at 250° and 0 02 mm SO mg of a 
partiallj crystalline lesm ere collected Found C 64 37, H 7 60 "IVhen 
recrj'stalhzed fiom ethyl acetate it melted at 325-330°, and showed no 
depression when mued with the original acid Found C 64 30, H 7 41 

Dimethyl Estei and Monomelhyl Esia — 100 mg of the dicarboxyhc acid 
in acetone suspension were treated with excess diazomethane After 
removal of solvent the residue was recn stalhzed from dilute ethanol 
It formed needles, mp 193-195° 

C-HjiOsN Calculated C 65 83, H 7 93, OCHj 14 SO 

Found “ 65 72, ‘ 7 S9 “ 14 20 

30 6 mg of the dimethy I ester dissoU ed m 2 cc of methanol were heated 
at 100° with 2 cc of 0 157 x XaOH Aliquots withdrawn after 1 hour and 
ly hours showed lespectuely the consumption of 0 99 and 1 04 equivalents 
of alkah The solution was acidified and concentrated to small volume 
Xeedles separated which weie collected and reciystallized from dilute 
ethanol , m p 229-232° 

CjiH„0«X Calculated C 65 14, H 7 71, OCH, 7 65, (X)CHi 3 70 

Found “ 65 07, " 7 70 “ 7 30, “ 0 73 

“ 65 56, “ 7 72 

CisHotOsA' Acid Jrom -ilisine — 5 gm of atisme hydrochloride were 
stirred with a solution of 1 5 gm of XaOH m 50 cc of H^O and 50 cc of 
benzene Without coohng 30 gm of EMnOj were added m small portions 
durmg 2 hours The aqueous phase was then separated This was heated 
on the steam bath and an additional 10 gm of KAInOi were added durmg 
2 hours The filtrate from ]Mn02 was acidified wath HCl The filtrate 
from a small gummy precipitate was extracted three times with 25 cc 
portions of ether which on e\ aporation yuelded 1 07 gm of a syoaip Con- 
tinued ether extraction of the aqueous phase for 3 day s yielded a mixture 
of cry'stals and some sywup The crystals were collected wath ether 
After recry'staUization from water 80 mg of oxahc acid dihydrate were 
obtamed which lost water at 105-109° and melted wath decomposition at 
195-196° 
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The above 107 gm of syuip ueie subjected as dcsciibcd above to a 
nine-stage Ciaig counlci-eunenb distnbution liotueen r)0 cc phases of 
ethei and 2 m phosphate buflei (pit 5 3) in sepaiating funnels After 
the distnbution eaeli funnel was aeidilied (pll 3) uith phobphoiic acid and 
the aqueous phase was e\ti acted lopcatcdly with ethci Fach fraction 
was then examined The mateiial liom Funnels 1, 5, and (> paitially 
eiystalhzedonicmoval of theethei 'I'lial horn Funnelo w a-, collected with 
ethei and,\\henieciyhtalh/edfioni ethanol-ether, j iclded 15 mg of\ci> ■^mull 
piisms The sulistaiue softened it 205°, (hen losoliflihcd m .i dilTcrent 
ciystallme foim and ag.im melted at 310-315° I'loni Funnels 4 and 0, 
25 mg of the same subatante weie obtained The melting point of .i 
mixtiiie ol this subbtanee with the above diiaiboxihc acid, C.iIIi/hX, 
from atisme bhoued .i delimte depie-^bion (m j) 285-293°) 

(alu = -1-39“ (c -=■ 1 OS in ethanol) 

CnHsiOjX Calculated C b'J U, H 7 lo, N 3 Jyl, (\)Cir, 1 11 
Found “ 02 35, " 7 U, “ 3 S2, " 0 OO 

Neutralnation ccjuivnlcnt, calculated (3C001I) 121 71,. found 127 

All analytical dat.i have been obtained b> Mi D Hig ihos of thii labora- 
tory 


'bUMM MIV 

A fuithei study of the oxidation of isoatisine uith pcimanginate has 
yielded a tvicaiboxyhc acid, CbilI.;507X, which also contain-, the lactam 
gioupmg The teitiaij'' ehaiactci ot one of its caiboxvl gioupa has been 
suggested by the bchavioi of the methyl cateis with ilkah Dehvdrogena- 
tion of this acid has yielded 1 ,(>-dimcthj Iphenanthiene which conforms 
With the pi oduction of l-mcth^l-b-ethylphenanthiene liom atisine itselt 
Fiuthei study of the oxidation of atisme with peimanginatc has jielded 
a dicaiboxyhc acid, C'nilliaOcX*, and i (iitaiboxyhc icid, C'lalhiOoX 
From the data obtained ccitain tentative lonclusions have been diawn 
in legaid to a numbei ot stiuctuiai fcatuics of itisine 
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The objectives of the investigation of the nutrition of Closlridium per- 
fnngen s w ere tv ofold In the first place, the de\ elopmenfc of a chemically 
defined medium \ias preiequiaite for the understandmg of the factors and 
conditions favorable to piodiiction of toxins or evoenzjmies Secondl}^ 
it became evident earlj in the investigation that the organism presented 
exceptional adv autages as a means of assa> for ammo acids and vntamins 
The fact that verj dense growth is obtamed m 16 hours at 45° m the pre- 
sence of a leducmg agent and the fact that thirteen ammo acids and four 
vitamins are absolute lecjuirements of the organism pointed to the probable 
merits of tlie bacterium for their assaj 

The eaily expeiiments m this laboratorj on the growth requirements of 
Closlridium pcrfrmgtns demonstrated that the organism would grow m a 
mechum consisting of v itamm-free casern hj drolj sate, tryptophan, cystme, 
glucose, V itamins (biotin, calcium d-pantothenate, nboflavan), uracil, ade- 
nme, morgamc salts, and an extract of hv'er Later, the organism was 
grown successfully on a medium which had the same composition as the 
one above except that chemicallj pure ammo acids were substituted for 
the casern hydrolysate and pvTidoxamme (or pjTidoxal) for the extract of 
liver 

The chemically defined medium to be described for Closlridium per- 
fringens BP6lx consists of nineteen known ammo acids, uracil, ademne, 
glucose, vatamins (biotin, calcium d-pantothenate, riboflavan, pjTidox- 
amine), and saltc This medium supports lapid and luxuriant growth of 
the organism from a small inoculum The growth obtained is equal to 
that produced on a medium prepared from enzj-matie chgcats oi hvdrolj- 
sates of tissue^ oi pioteins supplemented with e^sentul requirements 
Under the conditions of the experiments there ls no formation of a toxm 
(lecithmase) or any of the other known toxins or exoenzvTnes (h>aIuroni- 
dase, d toxm, gelatmase) in thia medium However, this oiganism does not 
lose its abilitj to form toxuis when grown under conditions suitable for 


The work described in this paper was assisted b\ the United States \nn\ 
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to\m pioduction (1) In addition to itiain J3P0K, five otlur atrain^* of 
Clostndium pajnntjmb, A22il3, \225P, (IbOOO, G()00f), and Fr)022, have 
been giown aiici ea'ilullj' in this medium 
The oiganiain lequiioa nine of the (on ammo acida a iid to bo oaacntial for 
the lat (2), m addition to gUitamu acid, seime, tyiosine, c>sline, and the 
vitamma, pyudoxamine, calcium d-pantothenato, biotin, and iiboflavin 
The iclation of the lyaino, alanine, aspai tic ai id, and gl> cine re([Uircments 
to the pyiidovine, pviido\amine, oi p\tiflo\,d lontentot the medium will 
be diaciisbcd 

l*wuduii 

Stock cultiiies ol the oiganisin an mimtauud b\ venal traiivters m a 
stock medium consisting of cavern h}dio!)v.iit>, with 'uldcd tij jitophan, 
cyatmc, atlenme, viiacil, vitamins, gluiose, viltv, phuvjihate InitTei, and 
detatted beet lieait InoiiiUim foi the (hemaalhi dc fined uudiiim la 
giown m paiicioatK digest of lieef heait (1) or tii{)tic digest of casein plus 
ixdts and vitamins On ti feu oicasioiis the iiKHulum fits liei n gioun in 
Bacto-tiyptoao oi Jlai to-peptoiie uitli added vdts and iitamiiH, hut on 
these media the oiganisms become lopy (mtuoid) n stored (l-b°) for 
more than 1 da}'’ 'I'lieac cultures are seed cultures 

Sloth Culliutb — 'I'lie medium toi the stuck cuUun a ol the oiganisui 
CloUudium pujuntjui'i BPtiK n pn'pued as lollous 
Enough casein hydiohvite (Ditio i ivimmo aiids) to contvun i b gm ot 
nitiogon (usunliy lb gm ot vobdO, 5 7ii gm of Xa^lIPOt 121130 , 0 IS gm 
of KII 3 PO 1 , 0 02 gm of iNIgSO, THqO, 0 02 gm ot L-c\stme, 0 02 gm of 
L-tiyptophaii, and 5 0 gm ot sodium vuccmite is diavohed m 500 ce ot 
water The solution is adjusted to pfl 7 7 tu 7 S uith sodium h\dio\ide 
5 ec of a stock \itarain solution which contauiv 1 mg e ich ot c dcium 
d-pantothenate and pyiidoMiie and 0 1 mg ol nbolLuin aie added uul the 
solution IS made to I htei The medium iv divtrilmtcd m 25 X 200 mm 
Pyie\oultuie tubes, 10 ec to each tube 
To each tube is added I gm of di} tat-iiee beef heait which is piepared 
as follow's Becd heart liccd fiom giovs tut is gioiind m a meat choppei 
1 Ivilo IS thoioughl}'’ mcxc'd with .3 iiteis of 95 pei cent alcoliul Tiie tissue 
IS Icneaded with the alcohol stneial times dining the eouisc ot I liouis 
The alcohol is then lemoved as well as possible by filteiing iind picssing the 
tissue m a cloth bag The tissue is kneaded m 3 Iiteis of I 1 alcohol- 
ethei mixtuie Aftci 1 hoiiis, the ukohul-ethei is di uned oft and the 
tissue dued by spieading m a thm layei m a cm lent of an The dried 
tissue IS legiound m a coffee mill to pai tides 2 mm 01 less m diamotei 

^ Closti uiium ptifiinyon^ BPOlv wus obt uutd honi tlio X'ltional Institute ot 
Health, Bethcada, Maryland The Biitish atraiua V22tB, V22aB, GCOOO, GOOOG, 
and F5022 were obtained from the Lister Institute, Elstroo, Herts, Euyinnd 
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The tubes contaming 1 gm of beef heart per 40 cc of medium are then 
autoclaved at 10 pounda for 30 mmutes 
TIus complete stock culture mechum is cooled to below 38° m a water 
bath, 1 cc of sterile 25 per cent glucose is added to each tube, and mocula- 
lation made without delay The tubes aie mcubated for 5 to 6 hours at 
38° and stored at 4-b° for periods up to 1 month 

Tryplic Digest of Casein — Seed culture medium has been prepared m 
this laboratoiy from tn^itic digest of casern with added glucose 1 kilo of 
casein is suspended m S hteis of distilled water warmed to 50°, and the pH 
is adjusted to appiovamatel} 8 0 with XaOH solution 30 gm of trjTism 
(1 100) are suspended m water to make a smooth flowing paste or slurry* 
and are poured mto the casern The digest is thoroughly mixed with 200 
cc of toluene and placed m an incubator at 45-50° for 24 hours At the 
completion of the digestion the digest is placed in the cold room (4-6°) 
overmght and Altered with the aid of Filtei-Cel The digest is adjusted 
to pH 5 5 and allowed to bod for 10 mmutes, after which it is filtered by 
suction with the aid of Filter-Cel 

To prepare 1 hter of mechum, an amount of trjiitic chgest which contams 
40 gm of sohd is measured out To this is added the amount of salts and 
vitamins required foi a htei of stock culture, except that cjstme, tr^iito- 
phan, and sodium succmate aie omitted The v olume of the solution is 
made to 1 hter The pH is adjusted to 7 6 with XaOH 
The medium is distributed m 25 X 200 PjTex culture tubes, 40 cc to a 
tube, and autoclaved at ID pounds for 30 mmutes The tubes are cooled 
to below 38° m a water bath, 1 cc of 25 per cent sterile glucose solution is 
added to each, and they are then moculated without delav wath 1 cc of 
stock culture The tubes which are not to be moculated immediatelv 
are stored at room temperatuie without the addition of glucose Just 
before moculation thej' must be heated m a boilmg water bath for 20 
mmutes to expel dissolv^ed au, then cooled quickly, and the glucose added 
The moculated tubes are mcubated for 5 to 6 hours at 38° and stored at 
4-6° for periods up to 1 w eek 

Inoculum — 1 cc of seed cultiue is centiifuged imder sterile conditions 
and the supernatant discaided The packed cells are mixed with 10 cc 
of sterile salme and centrifuged agam The washed ceUs aie then re- 
suspended m 1 cc of sterile salme and diluted at least as much as 1 5 X 
10'’ and may be diluted as high as 1 3 X 10* (see Table 4 ) with salme 
1 cc of the diluted moculum is added per tube of medium 
Chemically Defined Medium — ^The composition of 100 cc of double 
strength basal medium consistmg of ammo acids, a purme and p 3 'rimidme, 
salts, vutamins, and glucose is sliown m Table I The medium is pre- 
pared as follows The ammo acids (with the exception of cjstme) plus 
ascorbic acid, shown m Table I, are weighed and kept m a drv’’ flask until 
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icady for Ubo Cysfcmo is wcigiicd sepauitcly and dissolved with the aid 
of a few drops of n IICl 

50 mg of uiacil and 87 mg of adenine sulfate aie dissolved in 50 cc of 
0 2 N IlCl 2 5 cc of this solution .iie icquiied 

10 gm ot MgSOi 7II2O, 0 5 gm of I'eSOi 711.0, 0 5 gm ot NaCl, and 
0 5 gm of iMnSOi 4 IfnO aio dissolved, Ice of syiup> ffiFOi is added, and 
the mi\tmo made to 250 ce with watei 1 le ot this solution is leciuned 


I’vmt I 

Double SlrLiif/lh Uaeal Mtdtum 


Glucose 

2 0 gin 

lliboflav in 

100 0 y 

Ascorbic acid 

50 0 

njg 

C'l il pantothoiiato 

200 0 '* 

ne-Alanino 

100 0 


Pindoxatmne dih>dro 

, 100 0 “ 

D-Arginino* 

50 0 

II 

Lhlondc 


DL-Aspartie atul 

100 0 

(1 

Hiolin 

1 10“ 

L-Cystino* 

JO 0 

<< 

AfgsOi 71 r 0 

10 0 mg 

Glycino 

iOO 0 

it 

I’ebO, 7II 0 

2 0“ 

e-Glutannc acid* 

150 0 

** 

MiibO, lift) 

I 2 0“ 

L-IIistidino* 

50 0 

ti 

XaCl 

j 2 0“ 

Hydro\y-it-prohno 

25 0 

14 

Vdjust to pH 7 J with 

j 

Dii-Isolcuciuo* 

50 0 

14 

X'lOH 


li-Loucinc* 

75 0 

II 

KHiPO, 

1 I Ob gm 

L-Lysino* 

100 0 

14 

KHjPO, 

‘ 0 32 “ 

nii-Mcthionine' 

50 0 


Vdd distilh d H 0 to 100 

0 cc 

L-Prolino 

25 0 

ft 



DL-Pheuylalanme ’ 

50 0 

II 



»L-Scnno* 

150 0 

14 



DC-Thrconinc* 

50 0 

If 



e-Tryptophan* 

50 0 

44 



li-Tyrosme* 

50 0 

, 



DL-Vahne* 

75 0 

if 



Uracil 

2 5 

41 



\denine sulfate 

1 3 1 

II 

1 



* Essential for grow th 

10 mg of iiboflavin and 20 mg of calcium d-p intothcnate aie dissolv^cd 
and made to 100 cc with water 1 cc of this solution is lequned 

20 mg of pyiidoxamme dihydioehloiide aie dissolved and made to 100 
cc with water and kept m a daik bottle at 1-0° 0 5 cc of the solution is 

leqiiiied 

A vial of biotin containing 25 7 is made to 25 cc with distilled water 
1 cc of the solution is leqiiued 

Phosphate bufTei is piepaied b^ dissolving 52 gm ot KJIPOi dll^O and 
10 gm of KH2PO4 in distilled water and miking the solution to 250 cc 
8 cc of the solution are leqiined 
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60 cc of water are added to the dry ammo acids and ascorbic acid The 
mixture is heated m a boilmg water bath with occasional shakmg until 
solution IS complete The solution is cooled and cj’-stme, uracil plus ade- 
nine, salts, and vitamm solutions are added and the pH adjusted to 7 1 
to 7 2 with NaOH The phosphate buffer solution is then added and the 
volume of the mixture made to 100 cc The final pH should be 7 1 to 7^ 
This double strength basal medium is diluted with an equal volume of 
water for final use The medium may be sterilized (without glucose) and 
kept for at least a week ivith satisfactory results 
Procedure for Growth — ^The procedure for obtaining maximum growth on 
the chemically defined medium is as follows 
5 cc quantities of the double strength basal medium without glucose are 
pipetted mto culture tubes (15 X 150 mm ) and the final volume is ad- 
justed to 10 cc The tubes are covered with loosely fittmg glass caps, or 
stoppered with cotton plugs m the usual manner 
The tubes are sterihzed for 15 mmutes at 15 pounds pressure, cooled, 
and 0 4 cc of stenle 25 per cent glucose added Each tube is moculated 
with 1 cc of washed, diluted, bacterial cell suspension and then placed m a 
constant temperatuie water bath at 45° for 16 to 20 hours, dependmg on 
the density of the moculum Top growth may be obtamed m 16 hours 
w'hen 5 X 10~^ cc of ongmal culture are used for moculum, but if a verj’- 
small moculum (3 2 X 10~® cc of culture) is emplo3 ed, it is necessary to 
extend the mcubation penod to 20 hours At the end of the mcubation 
period the contents of each tube are nuxed and the very heavy growth 
(17 X 10’ orgamsms per cc ) is measured with a turbidimeter designed for 
dense suspensions (3) -4n Evelyn photoelectric colorimeter has also been 

employed for measurmg turbidity and direct cell counts have been made 
Measurements made by these three means are the cnteria used for the 
^ estimate of growth as defined m this paper 

RESULTS VXD DISCUSSION 

Table I shows the amount of ammo acids reqiured per 100 cc of double 
strength medium for maximum growth of Closlndium pofnngens Thir- 
teen ammo acids are absolute requirements for this organism Nme of 
these ammo acids are indispensable for the rat (2) argmme, leucme, histi- 
dme, isoleucme, methiomne, threonme, phenjHlanme, trj-ptophan, and 
valme The other ammo acids essential for growth of the organism are 
glutamic acid, serme, C3’^stme, and t3Tosme Those ammo acids which 
appear to be non-essential for growth, but which are added to the medium 
because of theu stimulatmg effect on grow th, are glycme, alanme, I3 sme, 
aspartic acid, prolme, and hydroxyprolme 
As far as it is knoivn at the present time, oiil3’’ the natural forms of the 
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ammo acids aio used liy this anaciohc Tlio {'louth icspoiiie of the oi- 
gamsm fo the l ioim of \ahne, scum*, tiypfoplian, and inr tliionine is twice 
that with the i>l foi m 

Table II shows the efteet of the omission ot single ammo ai ids fiom <in 
otheiwiso complete mediimi on (he giowlh of Clos^Uidinin ptrfniK/inH 
The omission ol anv one ot the thiiteen .unmo acids whah aie c-"ential 
icsults 111 little 01 no glow 111 alt(‘i im iibalion loi Kihouisat i-V 

In the beginning, the amount ol each csM-ntial ammo .n id to he added 
to the medium was detei mined on the basj-, of the amount piC'cnt m vit i- 
mm-liec c.isem hydiohsito I alia, by adding giadtd .imomits ot eich 
essential ammo acid to an otheiwisc adeciuate mi\tiue, the minimum 
amount whu'h would piodiice top giowth w is deteimmcd '1 he amount 

Tvnim 11 


Growth of Closlndiitin ptrjrittijcna Oblntnid Hlmt Oin \nuno id Has 
Omitted from OlktriLUv Compkti Midttim 


/Wnmo acid omitte 1 

rurbiilit>* j 

j Imiro atid umittcil 

fu 1) lilt> • 

li- Vrginmc 

f) 2 

I Glut laiii md 

1 0 

m-Jsolcutuie 

0 2 

1)1 nne 

1 0 

n-Lcucinc 

0 

I T>rosini 

0 s 

Dr-!Mothionine 

0 2 

I r,\suu' 

15 0 

m -Phoii} Inhinino 

0 1 

)>i \I umii 

15 0 

DL-Tlirconino 

0 2 

I Proltiic 

17 0 

m -Vulino , 

0 1 

ife dnni I praliiic 

lb 5 

li-Tr} ptoplmu 

0 

HI \ip irtu u,id 

' lb 0 

ii-Histidinc 

0 1 

GIm-iiic 

' 15 0 

i.-Cystiue 1 

0 2 




Incubated IG hours at 15° 
* Mu roiiiupores 


subsecjuently added to the basal medium was tlun aibitiuily set it i 
times this quantity 

The impoitance of the membeis of tlie \ itamin Bu gioup m the s\ nthesis 
of eeitain ammo acids liy othei miciooiginibins has been lepoited by 
Stokes el al (4), Lyman ct al (5), and Speck and Pitt (ti) Stokes el al 
have shown that if the pyiido\inc ot the medium is leplaied with eithei 
P3'’iido\amine oi pjnidoxal the leqimement ot Ladohactlliis dclbiuecLu, 
L casei, and L aiabinosus 17-5 loi hsme, thieonme, and ahnme is elimi- 
nated 

Lyman cl al showed that pjnidoMne could lepiace Usino, thieonme, and 
alanine in the medium foi Laclobatillui, aiabuiosu'i 17-5, and fuitheimoie 
that caibon dioMcle and pjnidoMue togethei would leplaco aiginme, 
phenylalanine, and tyiosme. 
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Speck and Pitt luve reported that p3Tido\aniine or p3Tido\aI in the 
medium elimm itea the requirement ot Lactobacillus arabinosus 17-5 for 
03 stme 

Likewibc, p 3 ^rido\anime or p3TidoviI (or \er3 large amounts of P3Ti- 
dovme) apparentl3r eliminates the requirement of Clostridium perfnngens 
lor K'-sme, alanme, aspartic acid, and g^cme 
Fig 1 shows the reaponse of Clostridium ptr/riiigtiis to the different 
members of the vitamm Bo group when l3'sme is omitted from the medium 
Apparentl3'' l3ame is not required b3’^ the organism when p3Tidoxamme 



Pyndoxine 1000 2000 3000 

Microgroms per tube 

Fig 1 Groivth response of Clostridium perfnngens to p3mdoxiiie, pyndoxal, and 
P3'ndo\airune on a medium free of lysme 

(or p3’Tido\al) is piesent to the extent of 1 to 3 y per 10 cc of medium 
Howevei, to obtain nearh the same growth response with p3Tidoxme, it 
must be added in amounts 2000 to 3000 tunes that of pyTidoxamme 
ymiilarl3", Snell and Rannefeld (7) hite 'hown that the actmt3’ of p3Ti- 
doxamme and p3mdo\al for a laige group of lactic acid bacteria is from a 
few fold to several thousand fold that of p3Tidoxme 
Table III also demonstrates that aspartic acid, glycme, and alanme, 
respectively', are ven' hkety symthesized when pyTidoxamme or py-ndoxal or 
very large amounts of p\Tidoxme ire present m the medium 
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I'jJJttl of I'tjndocuH , }‘i/i ifhuutHtnc, and Pi/iuloxul on Groitlh oj Cloilndinin 
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Table IV bbo\\s the ehect ol added adenme, guamne, and luatd on the 
induction peuod of tlie oiganisra when incubated at lo*^ VOien these 
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tluee compounds are omitted Horn the medium, there is an mduction 
period of 10 hours before grou th becomes e\ ident The iddition ot ade- 
nme enables Yisible growth to take place in 4 houis after moculation A 
still more marked acceleration of growth is obtamed b} addmg uracil and 
ademne Growth of the organism is ieaclil\ Msible m U to 2 hours aftei 
moculation with 5 X 10~* cc of the original seed cultme Apparent!}' 
synthesis of purmes takes place at a slow late, for after 16 hours mcubation 
only half maximum growth has occurred m a mechum free of guanme and 
adenme Guanme and uracd also reduce the induction period but not to 
the same extent as adenine and uracil 



Microgroms of CQlciumPontothenole per tube 

Fig 2 Effect of calcium d-pantothenate on the growth of Closlndtum perjnngens 

The only Yutamms requued foi growth by Closlndium •perfnngens are 
calcium d-pantothenate, p}Tidoxanime (or pyridoxal), biotm, and nbo- 
flavm Fig 2 illustrates the response of the organism to increments of 
calcium d-pantothenate m an otherwise complete medium Maximum 
growth is obtamed m a medium containing 3 7 of calcium d-pantothenate 
per tube 

The response of the organism to biotm is shown m Fig 3 IMaximum 
groivth IS obtamed m a medium containmg 0 003 7 per tube 

Fig 4 shows the groivth with the addition of nboflann to an otherwise 
adequate medium Groivth is Yusible with the addition of 0 005 7 of nbo- 
flavm and mcreases to half maximum growrth on the addition of 0 015 7 
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With the addition of larger amounts the increments of response become 
progressu ely smaller until 0 7 to 1 0 7 is required to produce top growth 

The “B” salts, iihich consist of FeS04 TH^O, iIgS04 7H2O, MnSOi - 
IH3O, and NaCl, are added m the same amounts as are required by the 
lactobacilli hlg and Fe are essential lequirements 

Tlie phosphate buffei, which is a mixture of ICH2PO4 and K2HPO4, is 
added m large amounts so as to keep the pH high durmg growth When 
pH 4 5 IS reached, the orgamsm ceases to grow 

The concentration of glucose m the medium is 1 per cent and may be 
mcreased to 2 per cent inthout affecting the growth of the orgamsm 

If the medium is autoclaved before addmg glucose, it is necessary to add 
a reducmg substance such as ascorbic acid (either d or I isomer) or cysteme 
hydrochloride to produce an ovidation-reduction potential sufficiently low 
to imtiate the growth of this anaerobe Ascorbic acid is preferred as the 
reducmg agent because the medium containmg it can be sterihzed (sepa- 
rately from glucose) and stored foi at least a week with satisfactory results 
(8) Medium containmg cysteme as reducmg agent may be kept not longer 
than 3 to 4 days 

If the medium is autoclaved for 15 mmutes at 15 pounds m the presence 
of glucose at pH 7 2, caramehzation occms and substances are formed which 
act as growth mhibitois Furtheimore, under these conditions, the addi- 
tion of ascorbic acid or cysteme to the medium may fail to imtiate growth 
The medium contaimng glucose may be heated 20 mmutes m a boihng 
water bath without producmg an appreciable quantity of inhibitois Also, 
growth may be obtamed m the boiled medium without the addition of a 
reducmg agent 

Table V sliows the effect of decreasmg the amount of moculum on the 
growth obtamed m the sjmthetic medium The seed cultures which con- 
tamed 1 3 X 10'’ organisms pei cc (as estimated from the turbidimetiic 
leadmg of 14 6 micioampeies) were washed and seiiallv diluted as de- 
scribed under “Inoculum ” The moculum from the highest dilution, 
which coiiesponded to 3 2 X 10“® cc of original culture, was calculated to 
contam four organisms The growth resultmg from moculation wath this 
smallest moculum was almost eciual after 20 hours mcubation to that ob- 
tained from large mocula 15 hours incubation required an inoculum con- 
taming between 100 and 500 oigamsms to produce giowth as dense as that 
from large mocula The fact that this luxuriant grow th was obtamed with 
washed mocula containmg only a few organisms seems to justify the con- 
clusion that the synthetic medium contains all the substances required for 
growdh of the orgamsm Twehe consecutne transfers of Closlndium 
perfringens ha\ e been made in this synthetic medium inthout apparently 
altermg the characteristics of the orgamsm 
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Fjg 5 shows the effect of temperatme on the growth of Clostridium -per- 
fnngens It is ei ident from these experiments that growth is most rapid 
at 46° Vbo\ e 48° almost no grow th takes place Because the growth at 
43° IS only slightly less rapid than that at 46°, temperatures m this range 
arc suitably employed when the organism is used for assa} purposes 

1 The organism, Closludium perfnngens BP6K, may be grown luxuri- 
antly m a chemically defined medium consistmg of known ammo acids, 
adenine and uracil, vitamins (biotm, calcium d-pantothenate, pjTidox- 
amine or pjTidoxal, and iiboflavm), salts (FeSOi 7H^O, iVIgSOi 7H2O, 
ilnSO^ 4H2O, and XaCl), glucose, phosphate buffer, and ascorbic acid 

2 A satisfactory stock cultme medium and a seed culture medium ha\e 
been devised for this organism 

3 Pyiidoxamme or pyridoxal (or large quantities of pyridoxme) elimi- 
nate the requirements of Closlndtum perfnngens for ly^sme, alanme, aspar- 
tic acid, and glj erne 

4 The addition of adenme and uiacil reduces the mduction period of 
growth of the organism 

5 The optimum temperatme range for rapid giowth is 43-16° 
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{From the Department of Biological Chemulnj, College oj Medicine, Unireraity of 

Cincinnati, Cincinnati) 

(Received for publication, March 13, 19481 

In the previous paper on the growth requirements ot Closlndium pei- 
fniigcns BP6K it was shown that thirteen ammo acids, i e arginme, leucme, 
histidme, isoleucme, methiomne, threonine, phenv lalanme, tryptophan, 
vahne, glutamic acid, serme, c^stme, and tjTosme, are essential for the 
growth of the oiganism The omission of any one of these ammo acids 
from an otherwise complete medium residted m either verj httle or no 
growth The possibility of usmg this rapidly growing organism for ammo 
acid assay has been mvestigated and the results mdicate that Clostridium 
perfnngens may be used satisfactorily for the assay of the abo\e ammo 
acids 

This procedure has a number of advantages over the present microbial 
assay methods for determinmg ammo acids (a) The method does not 
reqmre aseptic techmque (6) The assay is rapid The mduction penod is 
so short that growth is visible m 2 to 3 hours after moculation and the 
assay is completed m 16 hours (c) The same seed culture maj- be used 
for 1 w eek as a source of the moculum (d) The response of the organism 
to mcrements of the ammo acids essential for the rat is more nearly hnear 
than with other organisms (e) The culture medium is not autoclaved, 
and possible destruction of any of the constituents is thereby avoided 

EXPERIMENTAL 

The procedures for the preparation of the ‘ stock culture” and ‘seed 
culture” media, transfer, and growth of Closlndium perfnngens on these 
media, and the preparation of the double strength basal medium for assay 
purposes have been given m the prevaous paper 

Inoculum — 1 cc of the seed culture obtained aseptically from the stock 
seed cultuie is centrifuged and the supernatant discarded The packed 
cells are resuspended m 10 cc of distilled water and centrifuged a second 
tune These washed cells* are resuspended m 1 cc of w ater and a dilution 

* The work descnbed in this paper was asaisted by the United States Amij 

* -Vn unwashed cell suspension ot 1 200 was used satisfactonlj tor the a^saj of 
histidine, leucine, isoleucme, arginine, phen 3 lalanme and tyroaine 
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f)l 1 200 ii made with uatoi I diop (0 0,3 (C ) ol tin* diluted nil ^ii-ipdi- 
hion IS Uhcd foi the moculatioii ot cncli tube of ini duirn 

Pioddioc Joi IsMt// — I'lie pioccdme foi a-''- 1 > in^ 'in unuii; ai id m tliH 
( lu'iuicallv dolined inediiiin is as tollou" 

\. ' 2 ('(. ot eight to ten PyieN Lultiiie tuiiCN (13 X loO nun ) ii iMil to oh- 
tain a slandnid glow 111 cm\e .3 h ot diiulile stiength Im- d nudiiirn 
(dclieient m the anuno aeid being is-,i\(d) ik* jiipettid into l u h IuIm 
( iiiidod amounts ot tin* anuno and undei li-'l aie idde<l to i u h luia 
The hiud volume ot each tube h adjusterl to 10 (< uifh rhitilled u tter 
'riio amount ot the ammo aeid to be added jiti iulie to olitam i i oinpleli 
giowth cmve vaiie-^ uith e u h paitaulai ammo ai id to b» i'-,i\td I‘oi 
instance, tlie ^tandaid cui\e loi tivptoplun icnuiie', i laiigi ol 0 to ,n 0 
jiei tube, theietoie, eight ditli'ient l(>\eI-> ot the unino.uid it 0, 10,20, 
etc , up to SO 7 , lie adiled [lei tula IIouo\n, tiu lange ot tin* uid ird 
cuive foi each ammo icid k diOoient, h -jlioun m hig-i I to (> 

To as-^ay the -Nimple toi in ammo ind -everal ditnuinr, ui match 
mcasuicd quantitu"? ot the diluted Indiolj-ate, idjiKtid to pH 7 I to 7 2, 
aie added m dupheate to 3 it quaiititieT ot the be- it medium idefaKiif 
m the ammo icid to be i--i\ed) Vl lee-t two ot llu dilution-, -houlfl 
couespoivd to pomti neii the middle ot the ■>( iiidud mouth au\e lln, 
final volume is m ide to 10 cc with distilled u itei 
0 1 cc of sodium a,5iile --olution tout lining 2 mg pei ic is tddul to ill 
tubes The contents ot c ich tube aie mixed b^ iinetsion Gla-s tips 
aie used to toiei the tubes The tubes iie [ilacod m i boiling uatei 
bath foi 20 minutes, cooled, and inoculated with I chop ot the diluted in- 
oculum, aftei which the> aie incubited m .i const int tempei itiiic uatci 
bath at 15° foi a peiiod ot 10 fiouis 

Aftei incubation the contents ot the tubes iie mixed b\ nueision and 
the density of giowth deteimmed with a tuibidimetci (1) The optical 
density may bo deteimmed with an Eieljn photoelectiie coloiinioter 
oc[Uipped with a GtiO him tiltei 

Piepaialion of Sample Jo> A/ia/ysis — 'I'he jnoceduie ot ^tokes tt al 
(2) IS used foi piep.iimg i sample ot piotem toi analisis 1 gm ot 
piotein IS mtioduced into a small Fyiex tube, 10 cc ot 3 5 x HC'l iie 
added, and the tube is sealed The sealed lube is lutoclaxed 10 liouis 
at 15 pounds piessuie, cooled, and the contents ot the tube aie c uetull} 
washed into a giaduated cylinder NaOH is added until the point ot 
iieutiali/atiou is leached, and the hnal volume is adjusted to 300 cc 
Ti3qDtophan anal}’’3ib is made on an illvahne hxchoh'sate ot the piotem 
50 mg ot the clued piotem aie h 3 ''diol 3 '’/ed with 1 cc ot 5 N N lOH m scded 
tubes foi 10 houis at 15 pounds piessuie The pieeipitate that foims is 
a lesult of the hydiolysis is filteied off and washed with distilled watei 
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'Phe combined wabhmgs iic added to tbe filtiate The pH of the filtrate 
lb adjusted to 7 2 and tlie final volume made to 50 cc Complete lacemiza- 
tion of the tiyptophan is issumed to occiii when the sample has been 
hydrol^'^zed under these conditions Since n-tiyptophan is inactn e for 
Clash idium perfnngcns, the finil lesults of the assay must be multiplied 
by a factoi of 2 to obtain the correct trjTitoplian value 



Tic 1 Standard growth carves of l tij-ptophan and l cystine 
RESULCb 1.^D DISCUSSION 

Figs 1 to 6 show the standaid cunes foi L-methionme, L-tniitophan, 
DL-thieoiune, DL-phenylalamne, L-histidme, n-tyrosme, n-leucine, dl- 
valme, L-argmme, DL-isoleucme, L-glutamic acid, oL-serme, and L-cystme 
The curves show a hneai lesponse to mcrements of the ammo acids es- 
sential for the rat, while serme, cystine, and tjTOsme give sigmoid grow th 
curves All the mdispensable ammo acids wnth the exception of l 3 Sine 
may be assaj-^ed However, l 3 "sme ma 3 '- be assa 3 'ed pronded the sample 
tested contains neither pyiidoxamme noi pyridoxal Fig 7 shows a 
standard growth curve for lysine m the presence of 60 y of pyridoxine per 
tube 


J030 


MicRouroLoorrvii vs‘<v’i of wuno acids 



Microgrom} par Tuba 

Fig 2 Standard ^'niu tli ( tii m ^ ot i itr^iaim i litnim uid i*t tlinoiiini 



The cou elation of cell countb, tuibidilies, and optical densities is shown 
in Fig 8 The cell counts weie made aceoiduig to the Ihnted States .Umy 
method (3) Tin bidities weie detei mined with a photoelectric tiubidim- 
etei and lepiesent galvanometei leadings, z e , micioarapeies Optical 
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(lenbities were calculated from the tian&mission values obtained vnth an 
Evebm photoelectric colorimeter (optical density = 2 - log G) with a 660 



Microgroms psr Tubs 

Fic 4 Standard gro^sth curves of DC-valine and DL Lsoleucine 



Fig 5 Standard growth curv ea of DC-methionme and DL-phenj lalanine 

Bln filter The measurements mth the Evelyn photoelectric colorimeter 
Aiere made on the imdiluted culture tubes The results obtamed indicate 
that turbidity and optical density are proportional to the cell count 
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Fk. li M Hid trd K<""Oi (iir\(W <»! i uuii ii id iiid i>i -i riii> 



100 200 300 400 500 600 700 800 

Lysine 

Microgroms par tuba 

Fig 7 Response of CloUndnun perfiinijt,nb to jiy ik1o\ inune uui pyrido\il 
on a medium^vvithouL lysine, and the growth response foi n-lysine in the presente 
of pyndoMiie 
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Table I shows the ammo acid analyses of ;d-IactogIobulm, egg albumm, 
and silk fibroin as determined with Clostridium perfringens m this labora- 
torj’', and, foi compaiison, the results of Stokes el al , dete rmin ed with 
Streptococcus faecahs on samples of the same preparation ot protem The 
protem samples weie dried and hjdroljzed under conditions described by 
Stokes el al (2) The analytical lesults obtamed b 3 " these two different 
organisms aie easentiall^- m agreement, evcept that the phenj^lalanme 
content of )3-lactogIobulin ivas found to be 3 2 instead of 4 3 per cent 



200 300 400 500 600 

Micrograms of l -L eucine per tube 

Fig S Comparison of cell counts, turbidities, and optical densities 

However, our result is m close agreement with that of Brand el al , who 
have reported the phenylalamne content of /3-lac toglobulm to be 3 o per 
cent 

The use of non-aseptic technique m making the assa 3 ' is an ad\antageous - 
departure from the usual microbiological a5sa3 procedure Sterilization 
of the mechum in a boilmg water bith ULste,id of autoclatiug reduces the 
possibihty of destruction of tatamins and ammo acids and the lomiation 
of mhibitors Snell (5) has shown that autocla-vmg p 3 Tido\al with trapto- 
phan or histidme destroys the growth-promoting activity of this a itamm 
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Tviiu 1 

[iniiiD {tid Content oj Vunjud Piulcinj 


Tlio protciiia were dried at 105“ for 1 hours The n suils uen i di id Ued ns per 
eoat of dry weight 
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' blokoa, Ciuiiiicaa, Dv\jer, md Caswell uml} ed sniiiph s oi the same pn par it ion 
of protein, using <b/r< ptncoci its fiiLCitlti 



Fu. 0 btandard giowth tur\es of i,-ti\ ptophaii Broken lines, glow th obtained 
under nseptn toiulitions, solid lines, growth obtamid uiuki non iseptic Londitioiis 
with sodium azide present in the medium 


foi ceitam oiganisius Not only is theie a con&icleuible siuiug ot time m 
perfoiming the assay, but the assay may be made by benuskilled peisonnel 
Standaid giowth ciuves obtained by the non-aseptic technitiue have been 
checked against giowth ciuves obtained iindei aseptic conditions 
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Fig 9 sho^33 the surulantj of standard gromh curves for u^^ptophan 
obtained by using aseptic and non-aseptic conditions Under aseptic 
conditions the tubes of medium were sterihzed for 10 nunutes at 15 pounds 
pressure, 0 4 cc of sterile 25 per cent glucose was added, and the tubes 
were moculated with a washed diluted cell suspension Under non- 
Aaeptic conditions the tubes of medium contaming gluco-e and sodium 
azide were boiled 20 minutes, cooled, and moculated with a diluted cell 
-uspension which was pieviouslj washed under non-aseptic conditions 

Xon-aseptic technique in makmg assays maj be emplo 3 ed without run- 
mng the risk of contamination for the following reasons (a) Heatmg the 
assaj' tubes m a boihng water bath tor 20 mmutes destrojs most of the 
vegetative bacteiia, (5) the use of ^odium azide (6) inhibits the grovrth of 
most aerobes, (c) the short mduction period reduces the possibihty of 
contamination, and (d) the high mcubation temperature of 45° inhibits 
the growth of most am-borne orgamsms 

The authois are indebted to Ahce Grmer Tjtell for makmg the cell counts, 
to Dr W H Stem of the Rockefeller Institute for /3-lactogIobulm, egg 
albutmn, and silk fibrom, and to Dr T S Fruton for the d and l isomers of 
methiomne 


SCVX3IARV 

A microbiological assaj procedure has been devised for the determination 
of thirteen ammo acids, mne of which are essential for the rat The ad- 
vantages of this procedure aie as follows 

1 The assay maj’’ be done under non-aseptic conchtions 

2 The organism grows so rapidlv that the assaj is completed m 16 hours 

3 One seed culture may be used for at least 1 week 

4 The culture medium need not be sterihzed bj autoclavung 

5 The response of the organism to mcrements ot the ammo acids es- 
sential for the rat is verj' nearlj" hnear 
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LETTERS TO THE EDITORS 


THE LIMITATIONS OF INHIBITION ANALYSIS 


Sirs 

A method for the identification of the products of enzyme systems of 
intact cells by means of inhibition studies has been described by Shi\ e and 
associates under the term ' inhibition analysis ”* * They ha\e assumed 


Effect of 5-Broirwuracil on FoxtcUy of o-Yitrouracil 


Ptcfoylglutamic aad 

\itrounicil 

Titer ml 0 I per 10 ml 

W ithout brofflouiaa] 

Bromotiracil 

100 Y per 10 ml 

my per 10 ml 

Ptr 10 ml 
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ca 7 X 10* 
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that any substance which restores groirth to a bacterial culture uhich is 
inhibited by an antimetabohte can thus be identified as a normal metabolic 
product In particular, if, on the addition of the substance, the inhibitor 
becomes meffective or effective only at a higher concentration, the sub- 

' Shive, W , and Macoi\ ,J,J Biol Chem , 162, 451 (1946) 

■ Beerstecher, E , Jr , and Shi\c, AV , J Biol Chem , 164 , 53 (1946) 
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stance is ubsuinod to be a piudint of tlie en/yine system with which the 
antimetabolite mteifeies 

In extensive studies of th(> encels oi ii^nmidme derniitues on Lado- 
baulluii caiO! in the-o Inboiatones a consideiable numiiei ol ol)>ei vntions 
ha\o aecuimilated whieli (annot lie leioinihd witli this tlicor> \t limc-> 
“inhibition an.dvMs” sU}i;}i:e')t (ondusions whidi ol)\ioii'.h are tal'C Tiie 
follow mg example will elaiifj thi-j point 
In the table aie guen the ioiult'> ol expeiimenls with ') mtiouiaeil and 
5-bioinouiacil on the giowth ot f, (ust/-* i'lu data were '■eleited trom 
inoie exteiisne expeiiments which will la upoitid in detail latci but are 
lepicsentative ot ^e\eial srniilai ntudie-^ It will be -leii that 5-niti(airatil 
iniubits the giowth at L uimi i ompetitnely with pteiovlglutamic and 
(PGA), giving a constant inhibition latio ol 7 X UP In the prc'ence ot 
biomouiacil, howecei, the inhibiton dlict ol nitimiraiil i-. uwer'cd, in 
the example chosen, the mhilntion latio is imieasid i»\ a fai tin ol about 
oO and becomes huger with mcieasing bionioiiiai il i omintiations 
Whatexcr the explanation of theso ob'cnatioiis, it h ohcioiis that 
biomouracil is not the pioiluet ot the i’G V en/-}me s^siem whidi "inhibi- 
tion analysis” indicates it to be This illustiates the t>()e ol lallacc which 
may lesult fiom a too facile interpietation of met. ibolite-anrmu t ibolite 
studies It may veij well be tine that when tlie prodiut of . 1 , known 
enzyme sj’stem can be supplied the s>>tem lan be bc-p.isv-ed lor growth 
pm poses It does not follow th.it e\er\ sub'.t.mce whii h rebec es an inhibi- 
tion of a micioorganism can be .I'-suined to be a piodmt, or substrate, ot 
noimal metabolism 

Wdlcomt licsutnh Lahoralorn'^ Ciioiiue II itutillM - 

Tuckahot, Auv ) ork Cieuriicio H I uox 

Hi MU ViNin u\\ i Hii 

Received for publicition, Mu} U, I'Jlb 

^Beerstecher, E , Jr ,‘UidShuc, \\ ,J Biol t’/am ,167, tt)fllH7'i 
< Rogers, L L , and Shne, W , J Biol C'/um , 172, 751 {I'US) 

- Hitthings, G II.Falco, E V ind Stiorwood, M 102. _’3l {iwr>i 



TWO NEW REACTIONS PRODUCING ACETYL PHOSPHATE* 
Sira 

During <1 study of the con\eision of ethanol and acetate to caproate by 
m enzyme preparation obtained from Closlridium kluyieri} tiro neir reac- 
tions producmg acetyl phosphate har e been obseri ed 

Tvble I 

23 mg of dry cell-free enzj me preparation m20ml ofOOtii veronal buffer, pH 
8 1, containing 0 001 ii methjlene blue and the mdicated amounts of morganic phos- 
phate (P,) and organic substrates were shaken in air at 26® 


Substrate 

1 

} Pi imtial 1 

1 i 

Incu 

batioQ 

time 

1 

i i 

APwt 

1 


I A 

acetate 


aP., 


( -racct>I 
j pbo phate 

m 

AP. 


1 tntcrj I 
j moles , 

1 

mtn 

1 muro : 
1 moUs ! 

I rrtcro^ | 
1 moles 

m\cTo» 

moles 

1 

! micromoles 

1 ! 


CHjCHO 

150 micromoles 

1 

1 1 

120 

1 

I -17 8 

' 21 4 , 

10 7 

i IS 0 

1 2 00 

1 20 


1 151 

440 

'-136 ! 

1 138 

66 2 

CO 

CO 

2 10 

0 99 

CAliOH 

500 micromoles 

1 

j 20b 

640 

j-112 

107 1 

133 

1 137 i 

0 78 

1 05 


* Method of Lipmann and Tuttle (Lipmann, F , and Tuttle, h C ,J Biol Chem , 
163, 571 (1914)) 

t Method of Lipmann and Tuttle (/ Biol Chem , 159, 21 (1945)) 


Table II 


85 mg of dry cell-free enzj me preparation in 5 0 ml of 0 021 ii phosphate buffer, 
pH 5 7, and the indicated amount of acetoacetate were mcubated in vacuo m Thun- 
berg tubes for 4 hours at 26® 


Acetoacetate, 1 
mitui 

A 

acetoacetate j 

A acetate 

\ 

! 

APac 

AP„ 

AP. 

A acetate 

A acetoacetate 

micromoles i 

micromoles j 

micromoles 

micromoles j 

micromoles 



175 j 

61 5 

115 

-30 5 1 

32 5 

1 1 06 

1 87 

337 

72 5 

150 

1 -38 0 

40 5 1 

1 06 1 

2 07 


♦ Method of Jowett and Quastel (Jowett, M , and Quastel, J H , Biochem J , 
29, 2145 (1935)) 


The first reaction is an oxidation of acetaldehyde m the presence of m- 
organic phosphate In the absence of phosphate or arsenate, acetaldehyde 

* This u ork M as supported in part by a research grant from the Umted States 
Public Health Service 

^ Bornstem, B T , and Barker, H 4. , d Biol Chem , 172, b59 (1&48> 
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IS not oMtluccl Tlie oMthition can Ik* t.iiiicd out acioljKalli (I'aiuation Ij 
with methylene blue as an election cuniei, oi anaeiobuall}., without 
methylene blue 

ctijCiio + m >07 {- \i). - ^ it o (U 

Undci the lattei conditions acetaldehyde appan ritly undei; 4 ocs a (Innuit i- 
tion Dining the oxidation of acctal<Ieh>de, inoigina pho-^filiate iIh- 
appcai s and an almost eqiin alent quant it \ ot i l.il)ile pho-iphate ( ompotmd 
IS foimed (bC(> T.ible I) 

The second leaetion may be desi iibcil a-. i phosplioioi 1 i-.ti( dc(ompo->i 
tion ot acctoai elate (lOquation 2) 

C!i,cucncoo“ I fU'or • ctf.not’o; i-cKcoo fji 

The data of Table II show that ioi taih mole ot at eto u 1 1 ite deiompo-cd 2 
moles ot acetate (fice acetate -H acetjl phosphate) are loimed Inorganu 
phosphate disippeats and m equi\ alent amount ot u\l [ihosphate is 
foimcd 

The amount ot liee acetate loimcd h i onstdeiabl^ guatci than that 
picihctcd by I'hiuation 2, the cmcs', acetate is pruh ibl> due to i 'Ciondarv 
hydiolysis of a pait ot the acctjl phosph ite toimcd 

The labile phosphate compound toinud m both ot the above icactioiia 
combines with Iivdiox} iamme togne i hvdiovtmu acid under the condi- 
tions Used by Lipm.imi and 'rattle It is cumplideh h\diol\/:ed m le-s 
than 10 minutes at lOom tcmpci.iliiie b^ the Fiske-Snl)b now phosphate 
leagcnt, and the late of h^diolvsis in Oo n IK'l is identual with tint ot 
synthetic monoacet) 1 phosphate 

Division of IHaiil \ulnlion I U si\|ir\i\\ 

Unnc}i>ili/ of Cithjoi nin tt Mviisie 

Btikdci/ 


[{o((i\C(l foi |)ul>li< ilion, M i\ o, lets 



ISOLATION OF A PEPTIDE IN GUINEA PIG LIVER HOilOG- 
ENATE AND ITS TURNOVER OF LEUCINE* 


Sirs 

Leucine uas synthesized \nth m the carbo-^yl group 10 mg of the 
radioactive ammo acid (dl) and 0 66 gm (wet weight) of guinea pig hver 
homogenate i\ere added to a reaction mixture containmg 1 3 per cent of an 
ammo acid mixture correspondmg to the composition of casern and 0 005 ar 
fumarate, all m a final i olume of 4 ml of isotomc sahne solution^ at pH 7 4 
The reaction n as earned out imder oxygen for 6 hours at 38° 

After precipitation of the protems by boihng at pH 5 0, the non-protem 
filtrate was chromatographed on starch with a solvent mixture consistmg 
of 1 part 0 1 N HCl, 2 parts of N-propanol, and 1 part of N-butanol accord- 
ing to the method of iMoore and Stem - A radioactive fraction was found 
nhich emerged from the column before the leueme This fraction was 
concentrated and purified b 3 chromatography on a smaller starch column 
The chstnbution of the color on treatment with ninhydrm and the radio- 
activity gave a smgle zone of comcidmg nmhydnn color and radioactivity 

The fraction was hydiolyzed with boihng 20 per cent hydrochlonc acid 
for 24 hours, the hjdrolysate chromatographed on starch, the fractions 
analj'zed with nmhydnn, and their radioactmty determmed as before 

Whereas before hydrolj sis onl}' one ninh} dim zone was obtamed, after 
hi'drolysis there were many zones AU the radioactivity was m the leueme 
fraction 

Once the pomt of emergence of the peptide had been determmed by its 
radioactivity, the non-protem filtrate of gumea pig hver (prepared without 
pnor mcubation or any additions) was chromatographed A peptide was 
found which emerged m the same position as did that from the meubated 
digest 

The identity of the ammo acids givmg the diherent nmhydnn zones after 
hydrolysis was determmed by chromatography on filter paper* with known 
ammo acids as references The presence of the foUowmg was established 

* This w ork IS part of that clone under contract with the Office of Xai al Research, 
United States Xavj Department 

The C** used in this iniestigation was supplied bj the yionsanto Chemicml Com- 
panj , Clinton Laboratories, and was obtained on allocation from the United States 
4toimc Energy Commission 

' Borsook, H , and Dubnoff, J ,J Biul Chein , 171, 3b3 (1047) 

* Moore, S , and Stem, 14 H , Federation Proc ^ 174 (194S; 'jtein, 43 11 , and 
^foore, S , Federation Proc , 7, 192 (194S) 

* Consden, R , Gordon, k H , and Martin, \ J P , Biochem J , 38, >24 (1944; 
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alanine, aspaitie .leid, glutanne acid, ghcnu', leucine, nictluonmo, phenyl- 
alanine, and pioline Olliei amino acids au' j)ie^en{., toinplete ammo acid 
analysis awaits collection of a sullicient amount of the peptide 

The leucine “t ui novel, ” e'.lunatcd fioin the ladioactivity ot the leucine 
obtained attei liydiolysi^ of the peptidi*, was 10 pei ciuit m 0 hours 

We have obtami'd cMdeiue 1>\ methods smiii.u to the above of other 
peptides m guinea pig livei 

The aufhoi.s aif* mdebtiai to and wnh to tliaiiL l>r S Afooit and Di 
W II Sti'in of 'riie Ho( lv(‘lellei fiislitiiie loi Mcdua! Rc'ianh tin then 
geneiosity and (ouites> m giMng the del iiK of then method ot stanh 
chiomatogiaplu and nmhvdim coloinnetiv pinn to piibluation 


II llll(tll>(r hi II hlliijf I ahiit lllui l< ■< i>l till Illiilii'lli III 

•Stit/idS 

Cithjoi iitii Fmlitiih iij Ti I liiiiilo{ii/ 

I'lividi ua 


111 M’V ttOK'OOh, 

Cl MU L 1 ) 1 ' 

V 1 H V via \ ''Ml I 
( o oi 1 lo V K> n.in i \ 
Ib n a If I invv 


Hcuiveil for pulilii ition, \I i\ tl, I'tls 



THE IXCORPORATIOK OF ADENIXE IXTO PENTOSE AND 
DESOXYPENTOSE NUCLEIC ACIDS* 


Sirs 

We have earned out an experunent m which labeled adenine^ was fed and 
the pentose nucleic acids, PXA, (chiefly cytoplasmic) and the desoxx'- 
pentose nucleic acids, DXA, (nucleai) were separated The ademne vas 
fed to five adult male rats at a level of 27 mg pei kilo of body weight per 
day for 10 days The separation of the tii o tjTpes of nucleic acids from the 
total insceia was tamed out by an apphcation of the Schmidt-Thannhauser 
techmque - Each nucleic acid fraction as shown^ to be free of the other, 
wathm experimental eri 01 (±5 per cent) The purmes were isolated from 


From D\ t tracuoa From PX t fracuoa 



\ 

calcu 

lated 

t \ 

i found 

1 

Atom 
per cent ' 
excess 

1 1 

Calculated 

1 on basis of ’ 
1 100 per 1 

cent N** m 1 
j ademne fed i 

X i 
found j 

\tom 
per cent 
excesa 
Mi 

1 Calcubled 
. on basis of 
100 per 
cent Nii m 

1 ademne fed 

Adenine (dietary) 


i 

; 6 29 1 

100 1 


6 29 

j 100 

“ picrate Bf.O 

29 2 j 

[ 2S 0 

0 024 

J 

29 4 

1 0 634 


“ (from picrate) 

1 

1 1 


0 035 

0 55 


1 00 

1 15 9 

Guamne HjSOi H.O 

1 33 4 1 

1 1 

• i 

1 0 024 

0 32 ' 

! 

34 2 

0 572 

9 1 


* Because of the small sample obtained, this was characterized by counter current 
distnbution only, and the isotope analjsis was performed on a diluted sample 


each fraction and, by counter-current distnbution,'* each was shown to be 
free of the other 

Analj'ses of the ademne and guanme isolated from each traction (see 
the table) show that m the PXA fraction 15 9 per cent of the ademne and 
9 1 per cent of the guamne onginated from the dietary ademne In the 
purmes of the DXA fraction, the Ion isotope concentrations mdicate a 
replacement which is only 3 5 per cent of that ob tamed m the PXA frac- 
tion, or a ratio of PXA purme to DXA purme tumo\ er of 29 1 Because 
of the uncertamties m the determmation of PXA m the presence of large 
amounts of DXA, it is impossible to say that the N*^ uptake obsen ed m 

* The authors gratefulK acknowledge the use ot funds irom the Office ol Xa\al 
Research, the James Foundation, Inc , Xew \ork, and Lord and Tailor, Xew kork 

>Brown,G B,Roll,P M,Plentl, A. A. ,and Caialien, L F ,J Biol Chein ,112 
469 (1948) 

* Schmidt, G , and Thannhauser, c> J ,J Biol Cheni , 161, 83 (19451 

* Schneider, W C , J Biol Chem , 164, 747 (1946) 

* Tinker, J F , and Brown, G B , J Bwl Chem , 173, 5S5 (194S) 
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theDNAfiactJonmay iiobbopnitmllyorentirnb iii iiljtd to coat uimmting 
PNA, and it is even conceivable that tlioic n .i nitwliuiK ntal (hlTcuncc m 
the oiigin of the piumes of PN" V uul DV V 
The PNA piiiino to DXA ptiiiiu* lalio ol 2<) 1 {oi guatei) toiind lor 
total visceia, aftci fw'diiig 1 dx'h d .idcnme loi 10 dayi, h mm li highci than 
any of the compai.dilo tigmcs on pliosphoius tiiinoici, which langi* fioin 
1 Cb 1 to 7 I,® and empham/es the evtiomch ilou i lU ol Imnovci ot the 
nucleic acid iiuhiun m the ic^ting nm Icih ft, ■i'. llu .i\ ul diic data indi 
(ale, the latio-^ot tuinovm ol I*\ V [imim to i)V\. ptiniu and P\ \. F to 

DN^A P aie dilk‘ionl, at least some |)oitu»n ol the phoiphate moittics of i 

nucleic acid m.i\' he e\ehang(‘d without the puime-i ot tiu (’-X -keif ton 
being allectcd 

Sloan ki,lknnij Initiliili Joi (’niun /i‘< ntuh (ooi(f 15t».uoi ii( iJi’uus 

\cw\ork \l ut\ I, Ibru'Mws 

'MOM \ S 1 t I'-r 

Received for imbla Uum, M i\ I {, t'Ms 

•* brueti, \ M,'lrits,M M , nud CdIui, U i , / Hiol ol'i 

Il'iininarsten, Jv , mil llcvtsv , G , htn plKjiml Maml , 11, ll'ml'Jlio Duulioii, 

J N , and Rajmond, \\ , ntochem / , 12, p mv illUS' 




ON THE CONVERSION OF PAOIITIC ACID LABELED VTTH 
RADIOACTRE CARBON TO GLUCOSE BY THE 
VI I OX VN-DI VBETIC RAT’' 


Sits 

Although it IS non well estabhahed that the caibon of loner fatD acids 
can be incorporated into the glucoae molecule,*^’ such a comersion for the 
carbon of long chain fatt j acids has not hitherto been demonstrated 
Palmitic acid labeled at its bth c iibon* naaiised m this m\ estigation 50 
mg of this fatti' acid dia'ohed in 1 cc of com od neie admmistered b\ 


C” administered 

! 

[Rat! 

24 hr e.xcreUon 

Per cent of C** 
recovered 

Specuii. activi I 
ties* of iinnc j 

ofucOsC I 

i Specific 1 

1 activ 1 
itjtof ' 
ej^ired 

t CO 
carbon 

iNo ‘ 

i 1 

£■? i 

0 D 

Expired 

Lrine 
:;luco e 

Expired 

CO 

0 axone 

O-o- ' 

iriazokj 

S-A glucose 
carbon 

Palmitic acid 

i 

41 ^ 

4 0 

12 0 

3 9 

32 9 

123 

1 

1 

132 

520 

4 1 


2 

0 9 

7 0 

2 5 

29 7 

364 

370 

754 

2 1 


3 

7 7 

14 9 

6 5 

23 7 

106 

lOS 

306 

2 0 


4 

0 s 

13 6 

0 7 

20 6 

126 

124 

377 

3 0 

Bicarbonate 

0 

3 7 

15 2 

4 4 

73 

157 

152 

920 

6 0 


6 

0 9 

17 6 

6 9 

72 

126 

134 

7&4 

6 0 


* Refers to counts per minute per mg of glucoac carbon of the 2-1 hour urine 
sample 

t Reters to counts per minute per mg of CO carbon of the 24 hour CO sample 
+ Specific activitj 

stomach tube to alloxan-diabetic lats and the uime ot theae ammals col- 
lected for the nexi; 24 hours The lats had access to food The urmarj 
glucose n as isolated as the osazone, which was then converted to the osotri- 
azole dernatne The reaults obtamed mth four rats aie recorded m the 
table The punt j of the osazones and osotnazoles n as established by the 
determmation of nitrogen content, melting pomt, and the demonstration 
of identical specific actnities foi these two compounds (see the table) 

Smce it has been shown that the caibon of C O 2 can be incorporated mto 
glucose,' - the exciction of 1 idioictne gluco-e bj fed alloxan-diabetic rats 

* Vuleil b\ 1 oraiU from tin Viiuritan Canter ■'ocieti I'recommemletl bj the 
Committee on Groiijli of tht \ itional Re=earth Countili 

'Buchanan,! M and Ilaa'in^s \ B Phytini Rei 26 120(194Gi 
-Wood.H G, Physiol Ret ,26 19SII046) 

' Bloch, K , Phijiwl Rei 27 574 0047) 

'Dauben,W G,J dm Chein Soc in preis 
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injected with NaI^C‘' 03 ^\^l‘^ uho ui\esti{;.ited 1 ee ot i‘-otonio Ssiline con- 
tammg 0 02S m\i ol jN'.iIIC'Oj uas mjccUtl mluipeutdiiculK into cacli of 
two uUoviu-dudielic iids 'i’hc of tln-^ e\iH'imK’nt .ue leiorded m 

the table 

The abMihite amount', of ladioai li\ ity louiul m uimai> I'liico-e were 
'jinail m liotli eNpeiuneiits la otdei to ji'cC'-i tlu' iblc ot ('(J. m tlio <oa- 
\eiMOU ol palmitu* acid to glmo-'C, the toi the latio ol ajadtu ac- 

ti\it> of CO^ taibon to 'i|K’cifn .letiviU ol ghuo'** (. uboa obtained in 
the two e\peumcnt-j woie loinpaua! 
d’iie i.itio Im the COj ii\atiun expeument was t>() 'IliH indn itcs tint 

I of e\ei 3 * 0 atoms, Ol about liipii icntol tin glut o-c ( ai bon even tid b\ 
tlie .dlovm-diabelu lat, was (leii\cd liom biiaibon il< t nbon 'I’lus value 
lb in good agicenuait with tiio'C u'poitid b\ Solomon nl toi the iixatiou 
ol eaibou dioxide in glviogiai b\ tlie noun d lat ■* 

'I’lie fait that the values foi this latio m tin {iilmUn at id t xjienment 
weio mutli lowei than t> is ol putiiulii signitu mi e 'Ihis suggists that a 
pioeetb othei than i iibon dioxide lixation is mvolvtd in the ineorpoiation 
ot the bth carbon ot palmitn .it id m ghiio-e 

Dntiitoiiof Fh'i uilwjii,L oj ('(tltjnnua Ui.>l 

ical School, and tin liLpartnual oi in on h'l, 

Uiiiiiityili/ ol Caliloiiita 
liiiktU’i 

iletta\cd for piiblit Uion, Vpnl i(> I'HS 

•*13010111011, V K, Vimiesliml, It l\l< iup< rt r, I \\ , lUuliium, J M, nul 

II istiiigs, \ IJ / liiol (him no, 17! fl'lll 1 


I b CUVIKOU 
s U btuxeit 
(' L.uxmvx 

W <, Dvi-lliX 




ACrmTY OF CRYSTALLIKE \TTAAIIK Bie FOR CfflCK 

GROWTH 

Sirs 

Crj'atdUine vitamin Bis/ when added to purified basal diets containing 
40 to 70 per cent soy bean meal as the sole source of protem, has been found 
to exhibit “animal protem factor” activity- m chicks obtamed from hens 
fed an all vegetable protem ration ^ The diets used were madequate m the 
umdentified chick groirtli factor (or factors) descnbed by other mvesti- 


Expcn 
dent No 

j Basal diet j Supplement j 

1 Xo of 
chicks 

Waght at 
17 days 


1 


Sra 

1 

40% soi bean meal . None 

i 

113, 117 

i 

0 2% Wilson's 1 20 

7 1 

130 


2% Wdson’s L 

7 

131 

1 

' 0 000003% vitamin B,- j 

7 

133 

2 

70 C^ “ “ “ None j 

7 

84 


, 0 3% Wilson’s 1 20 1 

7 

1 101 


0 0000039o xitamin Bj; . 

7 

1 116 

1 

0 0000006% vitamin B,- 

7 

116 

3 

20% casein Xone 

7,7 

98, 99 


0 2% Wilson’s 1 20 

7 

123 


2% Wilson’s L j 

7 

110 


0 000003% vitamin Bj* 1 

7 

127 

1 

0 00(KXX)6% vitamin B,* 

7 

116 

4 

20% “ Xone 

7 

100 


0 2% Wilson’s 1 20 

7 

IIS 


! 2% condensed fish soluble^ 

7 

125 


1 0 0000015% lit amin Bi- 

7 

146 


gators^ smce reportedly good crude sources of the animal protem factor 
promoted appreciable mcreases in groivth when fed as supplements to these 
basal chets 

The percentage composition of the 40 per cent soy bean meal basal diet 
was as follows soy bean meal 40, cerelose 37 9, ^alt mixture 6,^Rufte\ 5, 

‘ Bickes, E L , Brink, X G , Koniuszj, F R Wood, T R , and Folkera, K , 
Science, 107. 396 (1948) 

-Scott, M L , Xorns, L C , and Heuser, G F , / Biol Cfiern , 167, 261 (1947) 

* Rubin, M , and Bird, H R , J Biol Chem ,163,393 (1946) 

‘ Rubin, M , and Bird, HR,/ Biol Chem , 163, 3S7 (1946) Xicbol, C A , 
Robblee.A R , Cravens, W W , and Elvebjem, G A.,/ Bwl Chem , 170,419 (1947) 
Combs, G P , Heuser, G F , and Xoms, L C , Poultry Sc ,21, 23S (1948) 

' 1 part of KH.POt and 5 parts of Salts 4 (/ Bwl Chem , 138, 459 (1941 )) 
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wlicafc goim oil 15, oalciuiu gUicoiiiite 2 5, gl>cine 2, OL-inethioninc 0 9, 
L-aigininc 0 5, L-cystinc 0 2, ciiohiic 0 2, poucier (5000 V, 1000 D) 0 1, 
mobitol 0 1, p-amiaobcn/oic acal 0 05, nuuin 0 01, luloivim pantothenate 
0 001, nboflavin 0 002, thiamine 0 002, p^ialoMiic 0 002, pteio^Iglutarnit 
acid 0 001, menadione 0 000 1, and biotin 0(K)00t O’lie 70 per cent bOj 
beau meal diet contained 70 pei cent boy liean meal, 7 0 pei cent tcrelooc, 
and the icmaming ingicdients as listed abo\e 'I’he 20 pti t ent ca-iein diet 
contained 20 pei cent vitamin-fiee (a^ein (Labto), and an additional 20 0 
pel cent cei close m phucot the soy bean meal and methionine stated above 
Typical glow 111 ilata foi da\-old female white I eghoin ihuka given the 
basal diet with 01 without supplement'! of 1 1 > stalhne v it imin lb:,oi vaunii' 
ciudcbouicesof the animal pintein taetoi, are shown in the table 
It lb appaient that ((uantitiCb ot iiv-italline vitamin Bn i-' -5111011 .is 
G 7 pci kilo ot diet stimulated giovvth ot thicks fed diets low in the .iniinal 
piotem factoi Undei these t onditioiis the optimal grow th icquuement.ip- 
pcaicd to be Icss than 50 y pei kilo ot diet 
Since the cijbtalhnc buhstance elicited growth uspoii'tb comp.uable to 
those obtained by bupplcmentatioa with eiudc soiiices ot the animal protein 
factoi, it 13 possible that vatamm Jb; is identical with oi closelv related to 
this factoi 
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INFLUENCE OF ADRENALECTOAiy AND FASTING ON THE 
INCORPOEATION OF ISOTOPIC NITROGEN INTO THE 
TISSUES OF ancE* 


Sirs 

Previous expeninents suggested* that the growth of lymphoid structures 
of fasted, adrenalectomized animals resulted from immobihty of lymphoid 
tissue mtrogen and translocation of mtrogen from other tissues Espen- 
ments to test this hj'pothesis have been mitiated with the aid of N*^ 

20 gm CBA male mice were employed Adrenalectomized mice were 
used 48 hours postoperatively All mice received 90 mg (m 1 2 ml of 


Tissue 

1 

Atom per cent excels of IS brs foUo^nn^ 

mjcctioQ of uotope , 

1 

[ 

Per cent dmcxcace in 

Intact, fed 

» 

Intact, farted 
660X3 

Adienaleclo 
mized, failed 66' 
hrs 

fasted “s. intact fasted 
mice 

1 

Liver 

0 417 

0 785 

0 803 

1 -r2 

Gut 1 

0 439 

0 868 

0 954 

! -rlO 

Kidney j 


0 513 

0 553 

1 tS 

Spleen . 

0 325 

i 

0 397 

0 596 

-rSO 

Thymus and lymipli 1 

nodes j 

0 470 

0 706 

-50 

Serum proteins j 

0 396 

0 941 

1 347 

-r44 

Muscle j 

! 

1 

0 055 

0 094 

1 

+50 


HjO) of labeled glycme (32 0 atom per cent excess m sl\ dmded. mtra- 
pentoneal mjections o\ei a period of 48 hours Fastmg was mitiated at 
the time of the first injection of glycme, mth 0 9 per cent sodium chlonde 
atailable to adrenalectomized mice Animals vere evsangumated, and se- 
lected organs and tissues from fom animals were removed and pooled, 
ground while frozen, and extracted three tunes with cold 7 per cent tri- 
chloroacetic acid The lesidues were freed of tnchloroacetic acid, fat- 
extracted, and dned Total seium protems n ere precipitated from pooled 
sera of four ammals by addition of an equal i olume of 20 per cent tri- 
chloroacetic acid, and the precipitate treated as described above Some 
typical data are shown m the table 

* Tills investigation was aided by a grant from the Josiah ^lacy , Jr , foundation 
and from the James Hudson Brown ^lemonal Fund of the "iale Lniiersity School 
of Medicine 

‘ White, \ , and Dougherty , T F , Endocrinology, 41, 230 (19i7) 
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It \\ill be seen that the net rite ot nieoi point ion ot nitrogen, injected 
ab glyeine, into tissues is inoie lapul in I’lsfecl than in led animula Thu 
latc H also inoie lapul in the sjjU'en, l^niphoal t^^ne, and ''eiurn proteins 
ol adienaleetonii/ed than m infaet tasted mice 'Ihe dilTtreine in nuisele 
Is of questionalile ‘'ignitieanee bemiiM ol the low rotope lomentMtion 
Aroii'ovei, lln> gastioc neniiiis imi-'i le ind loi an ilvsis inav not l>e rcpie- 
sentntne ot all niii-'de Tin* hndiiig'. tunhiin the* letardation in nitrogm 
entaboliNin lepoi ti'd tollouing adieiialec toiin 

'I'lie dal.i aie also ol ‘•ome int('i(‘->i in lehition to flu* nin -.lion ot tin •.itc 
of synthesis ol the scmni inotmis 'Ihc high i-olopi i one c ntiation in the 
seiuin pioleins ol mtac t, fa-.!! <1 inuiiiil-- nid p.ti la iil nh in tin -einm pio- 
tcin-^ ol the adienah'elonii/( (1, le>t«d nine, h stiikingU higlni than tli.it 
ol an\ othei ti-'-.iie exaiiiiiud fii'i-imieh .i-- theie i-. no dilhieiue in the 
I'-otopc' c onli'iit ot tin hyei-.ot tin two groups ot ta-^tul iniin.il-', uheie.i-. 
theie is a niaiked dilleic nee in i-citope t oni i ntintion in the nun (iioteni'., 
It would appc'ai that a poition ot the latte i inu-.t bi‘ ol e\tra!Hpitu origin 
'riie d.ita aie in (onti.e-t to tho-.e of Stoirk, .John, .uid Mm n* who louiid 
that the late of ssuthe-i-' ot --eiuin piotcun-- in r.its w.i-. not atleitcd In 
.idicnalcetonn 

})i piulmctds oj III ('hutulii) iiii'l Ini' iml 

l/( (iit me 
Valt (^iitiLi ill’/ 

\ CW 11(11 » II 

UiHcncil lot publiL'itioii, Jitiu 'i, I'Ms 

- .Stoerk, 11 C, folwi, H M ui<l I in'ii, 11 M , 1‘iik .sW. I’xp liml mul Mt'l , 
66, 25 (1917) 

^Present i(l(irt'->s, ht liool ol Mt.luiiu*. ot (’nluoriii v it I «s \ii^;elis, 

Loa \ngcles, California 
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NUCLEOTIDE PYROPHOSPHATASE AND 
TRIPHOSPHOPYRIDINE NLX’LEOTIDE 
STRUCTURE 


Sirs 

DPN pyrophosphatase’ m wa'-hed particles of rabbit kidney hjdroljzes 
diphosphopyndme nucleotide (DPN) at the pjTophosphate bond Diffi- 
culties in purifjnng the kiclnej enzyme prompted the use of potato extracts 
m uhich Lowtj'- has found a p3Tophosphatase for flavm-adenme dmucleo- 
tide (FAD) From crude potato extracts, DPN pjTophosphatase eras pun- 
fied o\ ei 600-fold bj ammonium sulfate and ethanol fractionation, heatmg, 
and adsorption on alumina gel C7 

In the first four columns of the accompanjnng table, preparations at van- 
ous stages of purification are compared mth respect to pjTophosphatase 
activity on DPN, FAD, tnphosphopjTidme nucleotide (TPN), and adeno- 
sine tnphosphate (ATP) The relative constancy m the ratios of DPN, 
TPN, and FAD activities suggests a smgle enzjune With ATPase, con- 
stant ratios appeared onlj’’ in more purified fractions, the early mcrease m 
ratio probably bemg due to the removal of KalckarV ATPase DPX 
sdronglj' inhibited ATP sphttmg only m the purified fractions and F*\D 
and TPN sphttmg m all fractions The data suggest that the dmucleotide 
pyrophosphatase also breaks the pyrophosphate bonds of ATP 
The position of the third phosphate m TPN has been studied inth the 
purified pyrophosphatase The last four columns of the table summanze 
an ex^periment m nhich 6 65 micromoles of TPN nere spht by mcubation 
i\ ith 0 3 mg of the most purified pyrophosphata=e preparation m 2 ml of 
0 025 M glycjlglycme buffer, pH 7 40, for 40 mmutes at 37° No adenjhc 
acid’ or orthophosphate was produced Orthophosphate hberated by 10 
mmutes hydrolysis at 100° mix HsSOi (2 34 micromoles) nas essentially 
unchanged With lead acetate, a partial separation of the mononucleotide 
products was obtamed The insoluble fraction contamed adenme and phos- 
phate m a ratio of approximately 1 2 and onlj’' 7 per cent of the mcotmam- 
ide-nbose moiety ® The soluble fraction contamed phosphate and 
nicotmamide-riboae moiety in a ratio of approximately 1 1 The acid 
labihty of the phosphate m the msoluble fraction approximated that of a 

' Kornberg, \ , and I indberg, O , Federation Proc , 7, lb5 (1&4S^ 

■ Personal comniumcation from Dr O H Low rj I am also grateful to Dr S P 
Colowick for suggesting potato as a source for DPX pjrophoapbatase 
’Kalckar, H M , / Biol Chem , 167, 461 (1947) 

‘Tested with Schmidt’s deaminase (Kalckar, H M , Science, 99, 131 (1944)) 

■* Huff, J W , and Perlzweig, W 4 , / Biol Chem 167, 157 (1947) 
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inixtuic ot ciituil pails (jf adenosint-I{-an<l a(lcti()niiu‘-5-pho>phatt ffou- 
c\ Cl , tills luu lion ( oiitaiiicd an oit'aim piiosphatc irnjiiii it\ , flic itid ialnlitj 
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productd uni, rcu.ttoii, Ihnihtim, 
Ihrnhtjiin, ttinl li itbnr, 2o7 

Bcnzylpenicillm lUdioictnu siihiir- 
containing, isolation, comitor cur- 
rent distribution iiso, .bti/o, Unrrij, 
and Crauj, 217 

Blood Vcctol, 'icotol, methyl ilcohol, 
and form ddohydo adininistntion, 
effect, Grant, ‘Jd 

Co igui'ition, iiilubitor, Oitnmtn and 
and H rnjht, 7o9 

G 13, Van biyko microioliimetric ap- 
paritus, BVifft/cy, 1)17 

Group A-specifio subst nice, gistnc 
mucosa, Holznmnund Xitinann, dOo 
Ilyaluronuia&o inhibitor, Dorjman, Oil, 
andWhtlney, b2I 

Salicylate, determination, lluoniphoto- 
motric, Sallzman, 399 

Blood cell Red, py rophosphat-ise, 

Naijanna and Nuraiiana menon, 

oOl 

Blood plasma Iodide, luorg inic, thy roul 
function, relation, Wolff and 
ChatKoff, 555 

Blood serum Albumin, oigimc anions, 
combination, Tercsi and Luck, 653 
, equilibrium dialysis, 
Tcrest and Lack, 653 

— , tobacco mosaic virus uul, inter- 
action, Lauffer, 181 


Blood acriiin nmtmud 
C.>i)h dui, StnrIaiT, did, 375 

<<fstridiu! loliihility, l{i~,ckoff and 
I' Ihatn, 

fruit, determm itiuii mi> ru , Untrh, 
f ‘III n/, /If. ti j and /ttr^on, 7'q 

I ( I itliiu, .S’ fi< biir, M3, 375 

l'ru,( ifcruiii, -iihiljilify , /inckoff and 
i’tl/iorn, Ij03 

I’ruti in I injury i !U ct, Gjit^auj, 
f iidtii i‘j, amt ( Inn dtn, 1)3.] 

''[ihingiiiuyi'liii .Sfjf^ji), 313, J55 

h ituHterudo u!ul)ili(_,, tli.,chnff and 
/' U mn, U)3 

\ i u( on itrictur, {lurilu ilion, Rapport, 
(>'i n,and I'aijr,^ 735 

Blood augir \rlcrioi,y( uiu differences, 

.S(j)/uy/i, ISO, 507 

.S<< at a !fy [icrgly ccim », Hy jioglyct rnia 
Bone I'ho ipii it I e, m it mine, t glu- 
I iiiiK utd,i lysine, nid r-hiatidine, 
•'lilt t, //(.-f'micv Iba 

C 

Calcium Pruthrumbiii, olTci t, II ms and 
.Sttyt-rj, 5o5 

Canavanme Bictcrid groath, effect, 
\ oloani and Lnt.U, &93 

\taruojn>ra grouth, effect, lIoro±'lz 
a, d Lrb, 371 

Carbarayl-L-glutainic acid Citrulhno 
sMithc‘'is rule, Coh> n and Oriaoha, 

369 

Carbinol (iuinolyljiipendyl-, dis_o- 
uitioii uaiHineuits, fnin and Inin, 

577 

Carbohydrate (s) Met ibolism, shock 
effect, Goramon, llninillon, aid 
Uuii,t, 1 

Carbon Ridioictuo ilinuie libeled 
iiitli, Inor piotcm, tiicorpor ition, 
dinitroiihenol ctlect, h ranlz, Zaincc- 
mk, and Sttphtm>on, 773 

pilmitie acid libeled with, glucose 
from, illovui diabetes, Chaikoff, 
Lt-rnei , Entenman, and Daubtn, 

10-15 

— , nn-tyrobinu labeled with, melauo- 
sarcoma, distuhution, Rud and 
Jones, 127 
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Carbon dioxide FL\atioa, dicarboxyhc 
acid biosj-nthegis, rdle, Ochoa, 
Mehler, and Kornherg, 979 

— , tncarboxjlic acid sjTitheais, role, 
Ochoa, 115 

Ochoa and Weisz-Tabori, 123 

Ochoa, 133 

— , — acids, enzymatic mechanisms, 
Ochoa, 133 

Carboxylase Oxalosuccmic, Ochoa and 
Weisz-Tdbon, 123 

Carboxylic acid(s) Di-, biosynthesis, 
carbon dioxide fixation rdle, Ochoa, 
Vehler, and Kornherg, 979 

Pyrrolidone-, polanmetry, KtbricL, 

845 

Tri-, biosynthesis, carbon dioxide 
fixation rfile, Ochoa, 115 

Ochoa and Weiaz-Tabon, 123 

Ochoa, 133 

— , carbon dioxide fixation, enzymatic 
mechamsms, Ochoa, 133 

Cell Nucleus, arginase, Bounce and 
Beyer, 859 

Cephalm Blood serum, Sinclair, 343 
Chick Growth factor, manure, Bird, 
Rubin, and Groschf e, 611 

— — , — , stability and solubility, 
Bird, Rubin, and Groschf e, 611 
— , vitamin Bi., crystalline, effect, Oil, 
Riches, and TFood, 1047 

Cholesterol -High maternal diet, fetus 
vitamin A., effect, Williamson, 631 
Cholmesterase Nachmansohn, Rothen- 
berg, and Feld, 247 

Inhibition, kinetics, Xachmansohn, 
Rolhenberg, and Feld, 217 

Chymotrypsm Enzyme, mtracellular, 
relation, Gulmann and Fruton 

851 

CitruUme Synthesis, carbamyl h- 
glutaimc acid rSle, Cohen and 
Grisolia, 389 

Clostridiiun perfrmgens Amino acid 
determination, use, Boyd, Logan, 
and Tylell, 1027 

Growth requirements, Boyd, Logan, 
and Tylell, 1013 

Coagulation Blood, inhibitor, Oierman 
and Wnght, 759 


Coenzyme A, determination and distn- 
bution, Kaplan and Lipmann, 37 
— , pantothemc acid, determination, 
Hegsted and Lipmann, 89 

Copper Radioactiie, fate, cattle, Co- 
mar, Davis, and Singer, 905 

Cystme Determination, spectrophoto- 
metric, Folm, reducers, computa- 
tion, II incgard and Toennies, 45 
Cytidylic acid Xucleic acid, y east, prep- 
aration, Lortng, Roll, and Pitrce, 

729 

D 

Dehydro-l-ascorbic acid Determi- 
nation, 2,4-dimtrophenylhydrazine 
method. Roe, Mills, Oeslerltng, and 
Damron, 201 

Desoxypentose nucleic acid Ademne in- 
corporation, Brown, Petennann, and 
Furst, 1043 

Desoxyribonucleic acid(s) Bacten- 
ophages, phosphorus ongin, Cohen, 

295 

Diabetes Alloxan, palmitic acid labeled 
with radioactive carbon, glucose 
from, Chailoff, Lerner, Enlenman, 
and Daiiben, 1045 

Diammonium undylate Xucleic acid, 
yeast, preparation, Lonng, Roll, and 
Pierce, 729 

Diaphragm Glycogen synthesis, hypo- 
physectomy effect, Perlmuiler and 
Creep, 915 

— uptake, hypophysectomy effect, 
Perlmuiler and Creep, 915 

Krahl and Pari , 939 

Dicarboiyhc acid(s) Biosynthesis, 
carbon dioxide fixation role, Ochoa, 
Mehler, and Kornbcrg, 979 

Dihydrodiphosphopyridme Xucleotide, 
oxygen and, electron transjxirt, 
coupled phosphory lation, Fnedl in 
and Lehninger , 757 

Diketo-Z-gulonic acid Detemunation, 
2,4-dimtrophenylhydr3zme method. 
Roe, Mills, Ocalerling, and Damron, 

201 

Dimethyl-;J-propiothetin Methyl donor, 
Haw and du Vigneaud, 381 



INDI K 


lOGO 


Dimcthylthotiir Mi’tlul (imior, •/'< I 

\ uiiunud,Mi>Uii !•, 177 | 

Dimtrophtnol Livit pidtdii, mlio ' 
iitiM* ( irhoii I ilii led iliitiin' tii | 
(diporition (Ifi'il, I itiiil , /null' t 
jiiA Ri I u , tnnt Sli )ilti n ,iii{ 77 > 

Dinitroi)h(.n>niy(lrazine t ilikt>to / 

I'tiloiiK II 1(1, til iiMliti / i-^iiiriiti It III I 

iiul I i-.(i»rl)ii u 111 lit t< rmiii ilidu, 
iisi* 111, /(“(K Milh ()i hi lilt/ iintl 
Dll III I oil, JMl 

DiijtiUorj' holublui >) (miuili t « tur, 
\<niik liiui iiii',iii , jr> 

- — isdiition, \iniil milt nuitih 

i> ( I 

Distribution stinlies Durni hnh> ,tiu{ 
('ntiij, Jif) 

tSfi/d, Hum/, iiii'l Cm y _’I7 

/tun V, «Siifti, mill Cmii/, -Mt 

D 

Embrjo C liu k, iiiiutinu m nl imicIiiih 
tri ptopli'in rotUiiiii, Si /im unit, (m 
iiiiiii util/ 6iir6ti , >Nl 

Enzyme(s) Cirbon ilioxnli (i\ ilimi, tri 
< irltowlic i( iil-i, iiu'i lunHiiH Dihim 

l\\ 

Iiihiliiliun, ■iiillliv ilr\ 1 n n't iiti m. i h 
inism, iSiiiyi ) , II 

IsocitrUo p^rlU’l^( omiI itiuii mini 
tiou, uieih uiHin l/t/i/u Kuniluuj, 
(irtiioliii.mulOcliiMi ')i»l 

Kiiiotics, loloriiiif'lrii iiiiiiiMJriii ilrhr 
miimtioa, usi* in stu(l\ , .St hucrl, U t 
Li\ei, /-niilit '111(1 (iiH irliow I ition 
enoet, Oihoa, Mthln, ami hoiittnnj, 

07‘l 

Af ilato-pi ru\ ito o\t(i itioii rciliu tioii 
mech'inisni, MiUhi, Komlnn/ (,n 
mlut, and Othoa, ‘Hit j 

Mijrotlittiuin niiiHnnit Sniuuhii,, 
Siu, and Guud, fW 

Proteolytic, tHsiiP, (intinann and 
Fiutmt, 

Set, aho Vdciiosiiiotnphospiiatase, 
Vrgin'ibe, C'lrboxyl iso, Cholines 
tci'ibo, Chyiiiotrypsin, Ilyihuoni- 
diise, OmcIuso, Phosphiit ise, Pjio 
lihoypliiitase 

Erythrocyte (s) See Blood coll, rod 


Erythropoioiis* I'l hi-.. Hiilioiininle m 
III 'tern il diet, elii't f, Hd/i(iw,(wi 
1 ml Ifiji'l, TbO 

Cjcltcriclm coli H b k ti nophv m 
iMti.i, mil il u w nl uid protun 
yy nlln u i, Cul • u lyt 

((ptufli, uiiinu Hid 'ipud.iity, So- 
hir.'i hi, I hiu;, and I nx, (01 

Miif lilt ifriiiii, proiiiH' dirivitiM-i, 
iitlli di'Ui Sin itiindi am' hruhm, 

707 

•^ultiir t lint lUiiiu imino 'uitl-i, 


lltlll Ul lit, St* i/f (ind'i, 717 

Prtiii 111 -tv lltlll -11 I til I f Ifilihiin, 
Uilliii', and /v/l't. si 

E.terise t hulin .s {'iiitiiiii hIi rue 
I'stridiol .< hill 'll -I rum •-iiliihiliu , 

!i> , ! lid IP d I I'/unii tii)( 

pruii in iilut iD.i 'iiinhiliu Hi ihiijf 

and I'll! Ill 1 Will 

, •• lit iiliinoii 'iilii)>dif\ H'lihiijj’ 

and Hill an , hiii 


1 ttrtmi , irutm.i tsinnl jurtUiun 
Iriidijiiat A, /!•••’' and I/aaiitii Sinit 

oil 

Estriol i -itroiu l^trldll)l iriitioii, 
isirtitiiui tiiidijiial (iitrif aid 

lliiit'ifn 'pint, 7il 

Eslrogems) \iidru,si <h 'tpiritioii, 

I ritihjiiiid (iiirit amt Hiiaijt n Smil, 

■in 

Di'teriniii itioii nm rt> ipt ttrophoto- 


UUtrlt liltdiiiind Cnimt, and 
llaaijtti Sail I 7i;5 

Estrone Istridiol irittmn, t-uriol 

pirtition, trudijood, Cant, and 

Iliiaijiii Sinit oil 


F 

Fasting Tiaaiio nitrogen, i^otopu , otlect, 
IWii/t, Ilobermnn, ami Sztgn, 

lOlO 

Fatty acid(s) Detormuution (.linmuto- 
graphic, Pi-Unon and Johnson, 775 
Fetus Erytliropoicsis, sulfonamide in 
lu'iteuul diet, elTcct 11 dliainison 
and Ipptl, 769 

A it'uuiii V, cholesterol -high imiternal 
diet, otYcct, Wilhainson, 631 

Fohe acid Liver, Olson, faijci, Bains, 
and Elvehjein, 319 
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Formaldehyde Blood acetol, adminis- 
tration effect, Grant, 93 

-Protein reaction, Fracnl el-Conral and 
Olcolt, 827 

Fungus 2 Methoxj-ljd-naphthoquinone 
action, Little, Sproston, and Foote, 

335 

See also Myrolhecnini 
G 

Gas Blood, Van Slyke miciwolumetric 
apparatus, Whiteley, 947 

Glucose Eatrahepatic, assimilation, 
alimentaiy hyperglycemia, relation, 
Soinogyi, 1S9 

— , — , hypoglycemia, relation, 

Somogyi, 597 

Palmitic acid conversion to, radioactive 
carbon-labeled, alIo\an diabetes, 
Chaikoff, Lerner, Enleninan., and 
Dauben, 1045 

Phosphorylation, memngocoecal endo- 
to-an effect, Xuii, 761 

Uptake, diaphragm, hypophysectomy 
effect, Perlmutler and Greep, 915 
Krahl and Pari , 939 

Glutamic acid Carbamy l-i -, citrulhne 
synthesis, role, Cohen and Grisolia, 

389 

L-, phosphatase, intestine, txme, and 
kidney, effect, Bodansl y 465 

Polanmetry, KibricI , 845 

Pteroyl- See Pteroylglutamic acid 
Glycme Hemoglobin biosynthesis, use, 
Grinstem, Kamen,and Moore, 767 
Glycogen Symthesis, diaphragm, hy- 
pophysectomy effect, Perhmilter and 
Creep, 915 

Growth, Bacteria, canavamne and argi- 
lune, effect, Volcani and Snell, SJ3 
— , measurement, factors affecting, 
roennies and Gallant, 451 

Biochemical transformations Harding 
andShivc, 743 

Chick, vitamin Bi-, crystalline, effect. 
Oil, RicI es,andWood, 1047 

Clostridium perfringens, Boyd, Logan 
and Tytell, 1013 

Escherichia coh, ammo acid specificity , 
Kobayashi, Fling, and F ox 391 

Factor, Coho and Bahh, 405 


Growth — continued 

Factor, chick, manure, Bird, Rubin, 
and Groschle, 611 

— , — , — , stability and solubihty , 
Bird, Rubin, and Groochl e, 611 

— , distillers’ solubles, Xoial and 
Hauge, 647 

— , .isolation, hoial and Hauge, 

235 

Methionine-deficient diet, DL-homo- 
senne effect, Armstrong and Binl- 
ley, SS3 

Methiomne-leucine relation, Harding 
and Shiie, 743 

Microbial, /3-2-thieny lalanine effect, 
Ferger and du Vigncaiid, 241 

Veurospora, canacamne, effect, 
Horowitz and Srb, 371 

Xiacm ' tryptophan - deficient diets, 
ammo acids, effect, Hanlcs, Hender- 
son, Bricl son, and Eliehjem, 873 
D-T\rosine effect, Bubl and Butts, 

637 

Gulonic acid Diketo 1-, deterimnation, 
2 4-dinitrophenylhydrazine method. 
Roe, MtlL, OesUrling, and Damron, 

201 

H 

Hemoglobm Biosynthesis, glycine u=e, 
Grinstem, Kamen, and Maori, 767 
Heparm Preparations inhomo^eneity 
lensen bnellmun, and Sylim, 265 
Hespendm Hyaluronidase, effect, 
Beiler and Martin, 31 

Histidme n-, phosphatase, intestine 
bone and kidney effect, Bodansl y, 

465 

Homoserme dl-, methionine deficient 
diet, growth, effect, \nntlrung and 
Bull ley, 8S9 

Hormone (sj Steroid, biological sys- 
tems, Bischoff and Pilhorn, 663 
Hyaluronidase Blood, inhibitor, Dorf- 
man. Oil, and II hitney, 621 

Hespendm effect, Beiler and Marlin, 

31 

Hydroxy-L-prolme Ovdalion, periodate 
effect. Carter and Loo, 723 
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Hyperglycemia Aliincnt-iry , gluco-o, | 
u\(r ihcp itic, isHiinil'ition, reliltoii, { 
t)omuyi/t, iS’> 

Hypoglycemia (jiiauie, « vlnliojiatic, 1 
ussiimlatioii, iSowoyvt, 5't7 ' 

Hypophyscctomy DnpiiriKm ' 

upt'iKe, I'llci't, I’lrlinuttu (tml (inn>, | 

Ml'. ! 

kiiihl and I'itil , M.M 

— , glycogen Myntiu-^i*. illect, I’trlmtU- 
Itr (tnd C,rt{ p, 11!,'. 

I 

Imidazole \miii() group-i, enns lnifving, 
FraiiiKd Conral and OhoF, S2T 
Indole group(3) \iiiiiio gruui.i, < ro^s- 
liiiking, I'ratulil Coiiiid and Oltolt, 

,SJ7 j 

Inhibition \n ilynis, limit itioin, Httch 
iiifji, IJlion,and I andtrli < . j/f, 10.17 
Injury* Blood &erum proteins, ciTcct, 
GjiS'iiit'j, LudtW'/j, and Cfianattn, 

(jiyi 

Inositol liiomers, oxidation, At.tti)bacUr 
liuboxpdant role, MiniajaniL and 
ChargaJJ, I7d 

Oxidation, ActlnhacUi ^tibiixi,dan<t, 
CarUr, Bdinikt.p, Clark, 1 h/nn, 
Lijlh, ^IcCadand, and Robbim, 

U,') 

Intestmc* Phosphatase, nr alanine, i- 
glutamic aeid, i, lysine, uni i- 
histidino, elTect, liodanski/, Uio 
Iodide. Inorganic, blood plasma, thyroid 
function, relation, 11 olffandChaikotf, 

Iron Blood serum, dctcruunatiou, 
micro-, Burch, Loiiry, Bi.i>t,cij, and 
Beriion, 791 

Isoatisme, Oxidation, Uuebner and 
Jacobs, 1001 

Isocitrate -Pyruvate oxidatioii-i educ- 
tion, enzymatic mechanism, MthUi, 
Kornberg, Grisoha, and Ochoa, 901 

K 

Keto acid(s). <3-, decarboxylation, spec- 
trophotometry, Kornberg, Ochoa, 
and Mehler, 159 

Ketone bodies Deterimnatiou, Lester 
and Greenberg, 903 


Kidney i’hoiph iia^e, nr. al mine, c-glu- 
tnmio ai id, r ly une, and r, liistKinic, 
tilt rt , llodnn ik'/, 105 

*x</ nil; Nt'phrt etorny 

L 

Laclob icillus ciaci Nutrition, tietors, 
Dana I, Ifi t<i, r and \ orris, 

71 

i Lecithui iShsid t rum, Xi.ithjtr, 313 
1 Leucine (Iro.Wh, methionine rehtion, 

I Hard ng anil iShiti 713 

1 iX( r lunno^tiiitt [leptidt , relilimi, 

I Honour, Diiij’i, ll< ngui Smd, 

I KtcjnU j, and luwj, 10U 

Lipidefs) Oxiditum prodmt-i, thiobar- 
biturieaiid uid, re letion, Ihrnlcim, 
Ihnd’i I/I, lid 11 i/h ir, -57 

Liver 1 luyine, I nulie uni d*earbo\yI- 
ition, cliect, thlua, Mthhi, and 
Kornbt.rg, 0?) 

I'l.lie leid, Olson, tagir, Burns, and 
Lluhjtin, 319 

HomOf,! n ite p. ptuit , lao! itnm, Bor- 
'loiik, Di.mg, Ilaaijir Bind KtujhU'j, 
and Lou 'j, 1911 

- — leiitine turnover, Bonook, 

Dtai’j, Hai’ijtii S/ntl, hiiglhg, ami 
Lou I/, 1911 

Protein, ruhoietue c irbon-Iabeled 
alatuno lueorjwr vtion, clTect, /’rmdr, 
/aiiitcnt! , Kttut., and bUphenson, 

77d 

Lymphoid tissue Vntibody, release, 
lloberls, Ulams, and U hilc, 379 
Lysine i phosphatase, intestine, hone, 
and kidney , eftect, Bodanskg, 165 
Synthesis, Nvurospora, Ihtchdl and 
Uunlahan SS3 

M 

Magnesium Nluselo adenosinotnphos- 
phat'iso activation, relation, Ktelleg 
and Meyerhof, 387 

Malaria. See also SN-3294, SN -13276 
Malate -Pyruvato oxidation-reduction, 
enzymatic mechanism, Mehler, 
Kornberg, Gnsolta, and Ochoa, 

991 
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Malic add 1-, decarboxylation, liver 
enzyme effect, Ochoa, MehJer, and 
Komherg, 979 

Manure Chick growth factor. Bird, 
Rubin, and Groschke, 611 

, stabihty and solubility. 

Bird, Rubin, and Groschf e, 611 
Melanosarcoma ni-Tyrosine labeled 
with radioactive carbon, distribu- 
tion, Reid and Jones, 427 

Meningococcus Endotoxin, glucose 
phosphorylation, effect, Run, 761 
Methionine -Deficient diet, dl- 
homosenne, growth, effect, Arm- 
strong and Binf ley, SS9 

Growth, leucine relation, Harding and 
Shne, 743 

Oxy-, hpotropic activity and toxicity, 
Shaffer and Criichfield, 489 

Methoxinme Lipotropic activity and 
toxicity, Shaffer and Criichfield, 

489 

Methoxy - 1,4 - naphthoquinone 2-, 
naturally occurring, isolation and 
antifungal action. Little, Sproston, 
and Foote, 335 

Methyl alcohol Blood acetol, adminis- 
tration effect. Grant, 93 

Methyl group Donor, dimethyl-iJ- 
propiothetin, Maw and du Vigneaud, 

381 

— , dimethylthetm, du Vigneaud, 
Moyer, and Chandler, 477 

Mold See also Neurospora 
Monomethyl-I.-ainino acid(s) De- 
methylation, oxidative, Ling and 
Tung, 643 

Mosaic Tobacco, vinis, blood serum 
albumin and, interaction, Lauffer, 

481 

Muscle Adenosinetnphosphatase, mag- 
nesium-activated, Kielley and 
Meyerhof, 387 

Myosm Birefringence ot flow, Binlley, 

3S5 

Myrothecium vemicana Enzyme, 
Saunders, Siu, and Genest, 697 

N 

Naphthoqumone 2 - Methoxj - 1,4-, 
naturally occurring, isolation and 


INaphthoquinone — continued. 

antifungal action. Little, Sproston, 
and Foote, 335 

Nephrectomy Nitrogen metabolism 
study, use, Engel, Penlz, and Engel, 

99 

Neurospora Groivth, canavanine effect, 
Horowitz and Srb, 371 

Lysine synthesis, Mitchell and 
Houlahan, 883 

Niacm Tryptophan-, transformation, 
pyndoxine deficiency, effect. Ling, 
Hegsted, and Stare, 803 

-Tiy^ptophan-deficient diets, ammo 
acids, growth effect, Hankes, Hen- 
derson, Bnct son, and Elrehjem, 

873 

Nicotinic acid Synthesis, chick embry o, 
tryptophan relation, Schweigerl, 
German, and Garber, 383 

Ninhydnn Determination, colonmetnc, 
enzyme kmetics, use in study, 
Schwert, 411 

Nitrogen Isotopic, tissue, adrenalec- 
tomy and fasting effect. White, 
Hoberman, and Szego, 1049 

Metabolism, nepbrectomy effect, 
Engel, Penlz, and Engel, 99 

Nucleic acid Desoxypentose, ademne 
incorporation. Brown, Pelermann, 
and Furst, 1043 

Desoxyn^- See Desoxy ribonucleic 
acid 

Pentose, ademne incorporation, Brown, 
Petermann, and Furst, 1043 

Synthesis, Escherichia coh B, bacteno- 
phage-infected, Cohen, 281 

Yeast, cytidylic acid and diammomum 
undylate preparation, Loring, Roll, 
and Pierce, 729 

Nucleotide Tnphosphopyndine, chem- 
ical constitution, Kornberg, 1051 
Nucleotide pyrophosphatase Chemical 
constitution, Kornberg, 1051 

Nucleus Cell, arginase. Bounce and 
Beyer, 859 

Nutrition Lactobacillus casei, factors, 
Daniel, Scott, Heuser, and Homs, 

71 
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0 

Oxalosuccuuc acid PrepirUion u»ii 
pioporticw, fA lt5 
Oxolosuccimc carboxyl vua (h Imti ttn>i 

li'ciiz- i’itbor) , )J{ 

Oxidase -XuiUltitii , uditvil <>ii \tiu i 
uiul, <) pP-ruUl vldcbjiit’ ilbvt. 
hntikdi, hjtbbjiutnij unit httiiout 

771 

Oxygen Oiludrniliplui-iphopy rninti’ im- 
lUotidc Hud, I’Uitnm tr»n-)iMirf, 
toilplid pluHpiuirv! itioii, /i.idlia 
(tr)it I (hnimjti f 7>7 

Oxjmctluonmc l.ijxitrtipn utuit\ 
ind (Did Cnlib 

Jttlii, (V> 

P 

Palmitic acid i{id«i.nti\( iirloiili 
bt led, kUkom* Iriiiii dli>\ ut di d« it 4. 
Vhotkoff, !ti/ui ! (lad 

Daubiii, ItU'i 

Pamaquine Dotormiii itvoii, liiiuroiiK t 
ne, Inta aiv! [ntn, 

Dh-iOci itum < spoil) lit -i, 7ritu 
Irvin, j77 

Pantothenic acid* himj mid Clu!(U!in, 

17 i 

d VI mum utils/ ilioii, rtlilioii, htwj 
mid Chtlddin, J7 1 

Cocti/jme V, iltteruun vtion Ih'hh-d 
nnd Lipiiia/tn, bO 

Pi-opioiiK avid lUitiAiiiuii iviiliuti, 
hint/ and Cbeldthn 27<i 

PeniciUm Bon/yi , nduiutise 'luhur 
tont'uaiug, iboi'Uion, unuiurvur 
rent (intnbiUioii ime, .Sido, linin/, 
and Ciattj, il7 

Crystalline, puriti, tounler tiinent 
distribution ime, liarnf, Salo and | 
C'rauj, ddl 

Pentose nucleic acid Viii nine iiuor i 
jMjration, lirown, Fttcrniann, and ! 
Funl, lO-y 

Peptide. Liver homogenate, isolitiou 
Boisoob, Dcasy, IIaa<jcn Smtl, 
Keigfdcy, and Lowij, 1011 

— — , loucino turnover, Bon-uok, 
Dca^y, Haagcn Smil, Keujhhy, and 
Lowy, 


Perioditc' Hydros', t prolmt osniiiion 
by ( '(irlt r and I < 1 ( 1 , 713 

Phenol Vmiiio gnnqn, irfw-( hiikiug, 
/ ra nlil i’unrat and Okdt, 

b27 

Phvnylal mine r-, dvi irlmylitsen, 
<><11 fdmiii c I ) Jtn>nln role, Mr,(ld~ 
i 1 1 1 / and Cid)i n JiH 

Phoaphitise Vdi lunaietn nimtlc, 
In ii,M iitim ntisitiil, kitlltg and 
Mt/tifiiJ, 337 

lloiii , HI d miiu 5 glut min ivni, i 
U mil itid I, hutiduiv, etlvvt, 
Binlaii (.If, ItiO 

lnt( (tine, i>t d miin , i „ltu iiniv atul, 
1 ly-(iiii> uid I iiHtidine, eJTut, 
Bilisn<ii, lt).5 

Ktdiif \ III i! mine, i ..hit unit icid, 
I l\ (II ( , ind t. hHtidine, eirwt, 
Bii'ans-if, loo 

I’vro l>!i)*)il 1(11 nd, \ayiinni' nnd 
\ i> a',ann e * non, 501 

. ninliotid) < lit inn d luiistUutnm, 
h»i))bi,ry, 1051 

Phosph ite(st M( ( diolmin, shotV. i iTout, 

(>ofan on, KannUon, end llaist, 

I 

Phojphatidjl senne < lienia d voiwtitu- 
tnnt I'ldib, IW 

Phosphorus H n n rio[>h ige di -osy ri- 

loinali'u ivni'i oruiii, tWivii, 

295 

Phosphorylation touphd, dihydrodi- 
phtwphopj ruhiK uuvlvotide 'uul 
osvgvii tleitroa truisjyort, I rudkin 
Had /(Aann/tr, 757 

(diitoM* nu iniigoLuvv il cudotosin 
tllvit han 7bl 

Pituitary Bit, aBo lls jHiphysivtoiny 
Potassium Isvitopis, biologit d m itvrul 
distribntioii, Mnlltm anil Zirakn, 

107 

Pregnancy bnlfoii timde m diet, ery- 
thropoicsis m fetus, etTect, 11 illutiti' 
t>wt and Appel, 769 

Pregnen»3td)*ol*20'One 5-, testis 
estrivt, isol.itiou ind ulentihcation, 
//anas, Johntton, Gooduin, and 
Kutzeiiga, 925 
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Progesterone Blood serum solubibtj , 
Bischoff and Pilhorn, 663 

Protem solution solubihtj, Bischoff 
and Pilhorn, 663 

Salt solution solubility, Bischoff and 
Pilhorn, 663 

Prolme Derivatives, Escherichia colt 1 
mutant strains, utilization, Sim- ! 
monds and Friiton, 705 * 

Hj dro\> -L-, oxidation, periodate effect. 
Carter and Loo, 723 

Propionic acid Utilization, pantothemc 
acid relation. King and Cheldelin, 

273 

Protem(s) Blood serum, injury effect, 
Gjessing, Ludewig, and Chanulin, 

683 

-Formaldehj de reaction , Fraenl el-Con- 
ral and Olcoil, 827 

laxer, radioactive carbon labeled 
alamne mcorporation, effect, Frantz, 
Zamecnik, Reese, and Stephenson, 

773 

Solutions, testosterone, progesterone, 
and a-estradiol solubilitj , Bischoff 
and Pilhorn, 663 

Sjmthesis, Escherichia coti B, bacterio- 
phage infected, CoAen, 281 

— , effect, Melchior, Mellodg, and 

Klolz, 81 

Proteolysis Enzjmies, tissue, Gulmann 
and Frulon, 851 

Prothrombm Calcium effect II are and 
Seegers, 565 

Purification, Ware and Seegers 565 
Thrombin effect, TI are and Seegers, 

565 

Thromboplastm effect. Ware and 
Seegers, 565 | 

Ptendyl aldehyde 6 , xanthine oxidase 
and related enzxTnes, effect, Kalclar, 
Kgeldgaard, and Klenow, 771 

Pteroylglutamic acid \nalogue3, 
Woolleg and Pringle, 327 

Pyrimidine derivatixea, re'ation, 
Uilchings, Elion, 1 anderll erff, and 
Falco, 765 

Pyndme Dihy drodiphospho , nucleo- 
tide, oxygen and, electron trans- 


Pyn dm e — con tinned 

port, coupled phosphorylation, Fried- 
l in and Lehninger, 757 

Pyrndoiine Deficiency , tryptophan- 
niacm transformation, effect. Ling, 
Hegsled, and Stare, SOS 

Displacement, Marlin, -ival lan, and 
Moss, 495 

Pymnidme Denvatixes, pteroyl- 
glutamic acid, relation, Hilchings, 
Elion, VanderW erff, and Falco, 765 
Pyrophosphatase Blood cell, red, Na- 
ganna and Xaragana menon, 501 
Nucleotide, chemical constitution, 
Kornberg, 1051 

Pyrrohdonecarboiylic acid Polanm- 
etry , Kibricl , 845 

Pyruvate Isocitrate-, oxidation-reduc- 
tion, enzymatic mechanism, Slehler, 
Kornberg, Gnsolia, and Ochoa, 961 
llalate-, oxidation-reduction, enzy - 
matic mechanism, Mehler, Kornberg, 
GrisoUa, and Ochoa, 961 

Q 

Quinine Dissociation exponents, Inin 
and Inin, 577 

Qumolylpiperidylcarbmol Disaociation 
exponents, Inin and Irvin, 577 

S 

Salicylate Blood, determination, fluor- 
ophotometnc, Sallztnan, 399 

Salt Solutions, testosterone, proges- 
terone, and a-estradiol solubility, 
Bischoff and Pilhorn, 663 

Sarcoma Melano , DL-tyrosine labeled 
with radioactive carbon, distribu- 
tion, Reid and Jones, 427 

Scurvy 4ntipermeious anemia extracts 
and tyrosine metabolism, relation, 
Sealocl and Lepow, 763 

Senne Homo See Homosenne 
Pbospbatidjl, ehermcal constitution, 
Folch, 439 

Shock Carbohydrate metabolism, effect, 
Goranson, Hamilton, and Haisl, 1 
Phosphate metabohsm, effect, Goran- 
son, Hamilton, and Haist, 1 
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SN-3294. Dclcrmnmlion, lluoromolric, 
Irvui and Innn, 589 

SN-13276 Dolormuiation, (liioroiiictric, 
Irvtn and Irvin, 580 

Sphingomyelin Blood sornm, Sinclair, 

m, 555 

Staphylococcus Toxin, solulnlity, 
WiHlc) and Ptlkincr, 2$ 

Steroid (s) Iformonts, hioiognal s>4- 
tcins, BnUiojlf and Pilhorn, (i5{ 
Stomach Min Ob^i, blood grmij) \. iiittihc 
substance, IIoLinan and lyiunann, 

505 

Streptococcus faecahs L-Biien^lal uuno 
decarboxylation, rdlo, McGihuu and 
Cohui, 81 1 

Streptomycm Counlor euriont distri- 
bution, Tilus and I'rud, >7 

'lautoineribin, Titiii and !< itul, 57 
Succuiic Ox'do-, c irboxy laic, Ocliaa and 
]Vcn,z-Tabon, Ui 

Sucemte acid Oxalo-, proparitum and 
properties, Ochoa, 115 

Sugar Blood See Blood sugar 
Sulfhydryl reagent (s) Ln'ynie inlubi 
tion, mechanism, SingLi , 11 

Sulfonamide M itornal diet, crythro- 
poicsis in fetus, elTeet, H illiavmm 
and ippcl, 7o'l 

Sulfur -Containing amino itids 
Lbchcnchia coh mutant itruiis, 
utilization, Siinmoinh, 717 

Radioactue, ben/\lpenitiUin lon- 
taiiiing, iioiation, (ounter current 
distribution use, Sato Itamj, and 
Craiij, 517 

T 

Testis ICxlratt, Hainu, Johnson, Good- 
win, and Kuiztinja, 92 > 

— , 5-picgnen-3(/9) ol-20 one iholation 
uul identific ition, lluincs Johnson, 
Goodwin, and Kuizcnga, 925 

Testosterone Blood soium solubility, 
Btschoff and I^tlhorn, 055 

Protein solution solubility, Bisc/n# 
and Pilhorn, 665 

Salt solution solubility, BibJtoff and 
Fxlhorn, 663 


Thetin Dunotliyl-, methyl donor, 
Vigncaud, Mogor, and Chandler, 177 
Dimethyl p-propto-, methyl donor, 
Ifnic and du Vigncaud, 381 

Thicnylalaninc d--*, optical isomers, 
miirobial gionth, i iTcct, I'crgcr and 
du I igiHtiud, 211 

Thiobarbituric acid bipidc oxidation 
prodiK ts ind, n iction, Bernhc 
JiiinJhiin, and Wtlbut , 

Thrombin Pro- See Prothrombin 
Prothromlnn, elTi'ct, 1( art, awl Seti 

Thromboplastm Prothrombin, ctTr 
11 III t, awl Stujers, 

Thyroid I iim-tion, blood pi win i 
orgiiiK lodiric nditioii, WoljJ 
ChatJ ojf, 

Tobacco Mo'tit xirus, l)!<x)d se 
ilbtimin iml, inter ution, I auj/ i 

t t 

Toxm(s) luummochemistry , ditto 
awl PilUnur, 

Staphglococcni, '-oinbility , U o 
awl PilUmei , 

Toxoid (s) Imimmochemistrj II it"-- 
)twl PilUnu r, 

Tricarboxylic acid(s) Bioiynthc'i 
1 irlion dioxide tixation role, Oc r 

Othoa and W t ibZ- J ahoi i 
Ochoa, 1 ' S 

( arbon dioxide tux if ion cn/ymi 
met haniiins, Ot/iwi, I 

Triphosphopyndme nucleotide Che i 
K il (Oiistitution Ixornbiig, 1051 
Trypsm Chxmo- 5et Chymotrypsin 
Tryptophan Chick embryo nitotii c 
uul synlheiis, relation, Sihutigt-’ 
Ginnan, and Garber, i'') 

Met ibolism, vitamin Bo role, J, 
qticira and Schutigtrl, W 

-Ncuin truiitorm ition, pyndoxi o 
deliticnty, eftoct, Ling, Hegsud, 
and Slarc, SOI 

Xuun deficient diets, ammo acids, 
eOect, llanktb, Ilenderbon, Bttck.so , 
and Bhchjcm, o'J 

Tyrosme n-, growth, otTect, Bubl o' i 
Bulk, b-i7 
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Tyrosine — continued 

DL-, radioactive carbon labeled with, 
melanosarcoma, distribution, Reid 
and Jones, 427 

Metabolism, antipemicious anemia ev- 
tracts and, scurvy, relation, SealocL 
and Lepow, 763 

1 V 

'jan Slyke Apparatus, blood gas, micro- 
volumetnc, If hiteleij, 947 

J'asoconstrictor Blood serum, punfica- 
^ tion. Rapport, Green, and Page, 735 
Virus Bacterial, synthesis, Cohen, 

“ 281, 295 

‘ Tobacco mosaic, blood serum albumin 
' and, interaction, Lauffer, 481 

7itamm(s) A, fetus, choIesterol-high 
maternal diet, effect, Williamson, 

631 


Vttamln(s) — continued 
A, utilization, media, Halpern and 


Biely, 817 

B{, tryptophan metabolism, rdle, 
Junqueira and Schiceigert, 605 
B,-, crystallme, chick growth, efifect, 
Otl,Ricl es,aridWood, 1047 

Btj, distillers’ solubles, growth, effect, 
NoiaJ and Eauge, 647 


X 

Xanthme Ovidase, related enzymes and, 
6-ptendyl aldehyde effect, Kalclar, 
Kjeldgaard, and Klenow, 771 

Y 

Yeast Xucleic acid, cytidylic acid and 
diammomum undylate preparation, 
Lonng, Roll, and Pierce, 729 
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of canavAnmc aic compaiccl Tho'^c ami n\aii> olhoi (Lita aoL tubulatwl 
show that tho uvtio of canav.uimo to aifijianic lociuuctl fo icduro {'lowth to 
a given level ib not (oiiblant at vauoub l<’\eK ot eanaViinme, but {lecieii‘'e^ 
ab tlie canavanino level mcieascb Vb the ( oik entiation ot caiiaianine is 
mciea&ecl, lelatively moie aigmine k iwiuutd to o\oi(oiiu it', inhibitory 
action The explanation toi thcbo inionslant latios is not \et known 
Fiomday today, (onbideuibioxaiialKm in tlu inhibition index at an} one 
level of canavanine was seen Picmous ex[jeiimentb (7) with analogue-, 
ot pantothenic acid show'ed that nuiea-jing tlio lime of incubation detiea'-cd 
the eftectivenesb ot the inhihitoi, it, inuea-ed the inhibition index 
Thib wxib tiue also m the pic^enl case V inoie impoitant lactoi leading 


Tvuii n 

Comparative Aiginine Coiictiitiatioif, ittquircd by I (iriou'i Lactie Acid Huctena for 
Equal Gtuwlh in Pitstncc and AliHciitt oj Camnanint* 


Ortanism 1 

1 

Can n iiimt -tulfalt 

\rsminc Iii‘lrocIiIoii<Iv 

Canavanine to arginine 
ratio 


7 Per ft 

/ ?(r 1 (c 


L caiiCi 

* 0 

0 



1 ioO 

it) 

15 1 

“ arabinosui^ 

0 

S 



1500 

oOO 

3 1 


1000 

1000 

1 1 

“ delbrucckii 

i 0 

10 



1 1000 

JOOO 

0 5 1 


' looot 

iOOf 

0 It 


* The growth levils selected for coiup irisoa irc the same witli anj one organism, 
but vaiy from one organism to another from about one lourth to one-half of maM- 
mum growth (2i houis) 

t This expel imeut was conducted m p.irullel w ith flic one imnicdi itcly above, but 
a 3-fold heavier inoculum was used 

to vaiiation w'as the bize of the inoculum The last two hneb ot Table II 
compaie the lesults obtained in paiallel assayb with Ladobacilliis del- 
bruecku w^hen the inoculum was vaiied oxci a 3-fold lange With the 
laigei inoculum, the mhibitoi}’- piopeities of canavanine at this concen- 
tiation have been veiy conbidciably decieased 

Effect of Piecuisois of Aigmine on Canavanine Inhibition — Fiom Table 
I it IS evident that citiullme and oinithme seive as piecuisoib of argmme 
Their effect on the mhibitoiy piopeities ot canavanine was theiefoie de- 
termined Results obtained wnth Eschenchia coli YlOO aie showm m 
Table III It is seen by inspection that citiullme and oinithme aie ap- 
pioximately equally effective in countei acting canavanine inhibition, but 
are only about one-twentieth as active m this capacity as aigmme En- 
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tirtlj '•null u ci it i were obt lined «ith Ludicnchia toh Y117, uhich re- 
(lUirc-! one of tlii'C tliree conipoun(K for grow th For tlii-j latter organibm, 
DL-citrulline ind ni oinithine In drot blonde were 0 78 and 0 83 as actne, 
re^pectnelj , i-' i iiginine In droi blonde in promoting growth In alle- 
\uuing lann mine inbibitum, howinei, eicb w is le-s tlian onc-eightieth 
iscffettne i-' iiginine 

Ihe etuanuu^ ot i inn uime in inbilnling uginme unli 2 .itu)n ^ug- 
gf -.ted tb It i in dine might -bow i -iniil ir lel itionship to ornithine utiliz.!- 
tion This imino aid’ u i> u)n'i(inintl\ tt-'tid (a) for its ibihtj to re- 
plate ornithine in promoting growth of Ubdurichia coli Y117 and Lacto- 
hacilhn fnimnli, ind (/d for its ibilitj to inhibit growth oi E coh Y109 

'Ivilll III 


Compiiratite k Jjtettciin << (// \r/jintnt CtlrulUnt, and OrntlhtHL in Ot ercoming 
Inhibitwn flf I ^rhenrkia toll Y 109 by Canaianinc 



L \r^»mnc 
h>4r(Ahlori«!c 

DL 

Litrullinr 

DL Ornithioe 
b> dfochlondc 



raUanon*c 
icr fcadirs 


CaUanome- 
tef rcadiDj; 


[GaUanome' 
llcr rcadiOff* 


y t<f ’ (c 


■t }tf> i 

rc 

7 per 2 cc 

1 

No canavaninc present 

0 

55 

0 

53 ’ 

0 

1 55 

200 

55 

500 

55 1 

JOOO i 

1 55 

200 f canavaiiiiio sulfate 

0 

05 

0 

05 

0 1 

t 95 

per 2 cc 

J 

03 

20 

01 

20 ' 

' ss 


10 

S2 

100 

S5 

100 

7S 


20 

71 

200 

SI ‘ 

200 

' 75 


00 

G1 

500 

cs 

400 I 

1 67 


too 

55 



1000 

1 62 


200 

50 



i 



* Vrbitrar^ scale, distilled w iter = 100 uninoculated medium = 05 


and to prevent the itspon-e of E coh Y1I7 ind Lactobacillus fermenti to 
minimum levels (10 y per 2 ti ) of ornithine It showed no activitj^ m 
eithei cap It it} in imonnts up to 1 mg per 2 ce *\jiothei analogue of 
ornithine, a- imino-o-hydio\\ \ dciic aid, was synthesized is described 
b} Spienicn (8), and similarl} tested It showed neithei giovvth-promotmg 
nor grow th-inlubiting propeities in amounts up to 4 mg pei 2 cc 

DISCaJSsION 

That N’eurospoia synthesizes aigimne vu leactions of Eaebs’ omithme 
cycle has been shown b}" the careful investigations of Srb and Horowntz 

’Because of possible labilitj of this hj drovv'lanune derivative to autoclaving 
with the medium, it was filtered and added asepticall} to the previousl} sterilized 
medium for these tests 
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(6) It ]s mtoicbting that the bamc ciuymatic deficiencies induced m 
Neuiosima by nitificul pioduciion of mutants aic found to occui natuially 
in vaiious lactic acid bactciia Thus icpiesentatives of these oiganisras 
have been found (Table I) whose lequncmcnt foi aigminc tan bo met by 
oinithine, citiullinc, oi aiginme, by citiulline and aigminc, but not orni- 
thine, and by aigminc only Appaicntly aigminc synthesis m the lactic 
acid bacteiia, too, pioceeds via this same senes of icactions, illustiating 
anew the essential similaiity of the synthetic mechanisms m dilTeient forms 
of life 

Foi none of the bacteiia studied is caiiavanme able ellcctuely to leplacc 
aigmine foi giowth Its stiuctuial similaiity to argmine is reflected, 
howevci, in the hict that it inhibits utilization of aigmme by many of these 
oiganisms The competitive natuie ol the inhibition fuither indicates 
that inhibition lesults fioin the combination of canavanmc nith cellular 
constituents notmally involved m aigminc mctiibolism Peihaps m or- 
ganisms such as Su cplococcus Jaccalis vhich aie evticmelj icsistant to 
mliibition by canavanmc the stiuctuial featuics letiuiied loi such combma- 
tion aie not fully met by canavanmc It is known, foi evample, that cana- 
vanme is a much w'eakci base than aigminc (9) Peihaps, as suggested 
by hloiowitz and Sib (1), such lesistant oiganisms aie able to detoxify 
the mhibitoi In this lattci connection, the picsonce of aigmme dihy- 
diolase in SUeptococcus faccahs and othei stieptococci of Gioup D (10), 
and its possible occui lence m othei canavanme-icsistant oiganisms, sug- 
gests a mechanism by which the mlubitoi might bo decomposed The 
action of this enzyme on canavanmc is not known, the lattei is, howe\er, 
split by a hvei enzyme (piobably aigmase) to yield canalme (11) That 
such cleavage would in fact detoxify canavanmc is shown by the observed 
inactivity of canalme as an mhibitoi 
In contiast to many antimetabolitcs, such as those of pantothenic acid 
(7, 12), which aie eflective mlubitoi s only foi oiganisms which do not 
synthesize the coiiesponding metabolite, canavanme inhibits oiganisms 
which synthesize then own aigmme as w'ell as those which lequue pre- 
foimed aigmme It lesembles m this lespect the sulfonamides and certain 
othei ammo acid mhibitois, such as /3-2-thienylalanme (13) and hj’-dioxy- 
aspaitic acid (14) It is not necessaiy, how^evei , to assume a fundamentally 
diffeient mode of action foi these two classes of mlubitoi s Accoidmg 
to piesent concepts, the antimetabohte and its coiiesponding metabolite 
compete foi an enzyme involved m the furthei tiansfoimation of the 
metabolite To peimit such competition the metabolite must be piesent 
m a fiee and diffusible foim Wheie an antimetabohte functions agamst 
cells which synthesize the metabolite, it may be assumed that the metabolite 
noimally appears m fiee and diffusible foim m the cell pielimmaiy to 
utihzation m the piocess which the inhibitor affects In those cases m 



II I \OICVM \ND I t SNhLI 


901 


ulutli the .laLinitt ibohte js inelicctive igiin-st cells uluch sjntliesize the 
met iholitc, tins ippiienth ib not true 

Iloiouitz uul brl) (1) found thu Ijsiiic wub ilbo clTectuc in alle\iating 
t uu\ iniiic inhihitioii of Yntwipora With the organisms used here, 
l\bine \\ 1 -^ inelTcLliM, mi\turtb of Ijbine ind irginine ucre no more efTcc- 
tue ill in would lie piedictcd from their arginine content 

It w lb pointed out il)o\e th it, at cquualent lc\els of growth, Escherichia 
coh Y109 (wliiih bcnthcaizcb its own irgiuine) w is much more readily in- 
iiihitcd In c 111 i\ mine than w is Escherichia coh Y117, foi giowth of which 
irgininc (or i prctur'cr) must he bupplicd Iloweccr, the two organisms 
showed "111111 ir seiisitn itj to cana\ mine when supplied with equal amounts 
of irginine Rc "Oiia foi auih behivior were diacusscd abo\c It should 
be cnpectcd, on this b lai", th it irginine preciiraora, such as citiulline and 
ornithine, would be much less cfTectne thin arginine in preicnting cana- 
\ mine inhiiiition, md this was observed m ill instances tested These 
obscrv itioiib lie thus coiiacstcnt with previous conclusions (eg (14)) that 
precursors of i metabolite are geiierallj less ciTective than the metabolite 
Itself in preventing inhibition of growlli I>> m antimetabolite All of our 
data support the conclusion that inliibition of growth bj canavanme lesults 
from Its interlerence in the utilization of arginine for various sjmthetic 
reactions, jirosuraablv the synthesis of cell proteins 

SbiDLVin 

Idle specificity of the iiginme icquiiement of a number of lactic acid 
iiactcria was evamined Some grew only when aigmme was supplied, 
others with cither arginine or citrullme, still others could utilize ornithme, 
citrulline, or argminc Xone of the bacteria tested could effectively use 
canavanme in place of arginine Similarly, canalme did not replace 
ornithine for those organisms which utilize the latter ammo acid 
For some, but not all, of the bacteria tested canavanme was an effectwe 
growth inhibitor This was true both for organisms which synthesize 
argmme, and for those which require this ammo acid preformed For 
both types of organisms, inhibition by canavanme was competitively allevi- 
ated by argmme In many instances, the latio of canavanme to argmme 
at which a given level of growth was observ^ed was not constant, but de- 
creased as the concentration of canavanme was mcreased The magni- 
tude of this ratio was markedly^ dependent upon the size of the moculum 
For orgamsms which utilized them for grow'th, citniUme and ornithme 
showed limited effectiveness m counteractmg canavanme inhibition, they 
were, however, much less effective than argmme Lysme was meffective 
Canalme and a-ammo-5-hydrovyvaIeric acid did not inhibit utilization of 
ornithme by the organisms tested 
The significance of these various results is discussed briefly 
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rilE DETERMIXVTIOX OF ACEIOXE \XD KEIUXE BODIES 

IJi D\\ ID 1 1 ^11 U »M> hLO\ V C.ULl MJLUt. 

(/■rom Ihc [ (iburalory oj Ipplicd I'hynoloijtj, } ale L ntaritly, \cw IloLcn) 

(Ilicimd for pubhcatiiJii, Xpril 11, lllls> 

Uc lu\i rt(.ci\tci t(.\cril inquiri(-v totiKnuii'; th( reproducibihtj’- of 
ri'ult^ with till niLthoiI ikscrilKiI in u-. lor the determination of acetone 
iiid ketone iiodii-. (1) Mine, in our li ind->, the rcaiilta hid alwa\'3 been 
rtprodiKilile, m nueiti" ition w i-i mule to iktcrminc the laiisc of the 
diffiLuItiC') inioimtered b% our corre-'pondent'! 

Tlie mctluxi depend-' on the eoii-^t ine\ of the distribution of the 2,4- 
dinitrophenjlludruoiie ot leetonc between an aeid solution ind carbon 
tetrachloride It eiiuililinum w not attained, the final results will not be 
reproducililc Lquilibrium e-' not consistently, att uned if the e\tracting 
sohent, c irbon tetraeliloiide, does not form an emulsion with the acid 
solution of the hidrizone To this end, vigorous shakmg must be em- 
ployed in i cont liner who-e colume is at least twice that of the solution 
and -ohent We recommend i gl iss stoppered (standard taper 12/40) 
tcst-tube of 17 cm o\er-iIl length with an outside diameter of 2 cm for 
the cUraction 

aince our origin il description, we luce used the Ecelyn colorimeter 
with the small test-tube adapter dcseribed by us (2) 

The sciisiticity of the procedure is increased if measurement is made at 
the wave-length of the uu\imum absoiption of the 2,4-dinitiophenjI- 
hydrazone of acetone m c irbon tetrachloride, 350 m/x, the absorption at 
this wave-length is approvimately 4 times that at 120 mp 
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THE FATE OF RADIOACTIVE COPPER ADMINISTERED TO 

THE BOVINE* 


Br C L COALUl, GEORGE K D iVIS, vnd LEON SINGER 
{From the Florida Agricultural Experiment Station, Gainesville) 

(Received for publication, Alarch 25, 1948) 

Recognition of the essentiality of copper for animal life and the avail- 
ability of suitable chemical analytical methods ha've led to considerable ex- 
perimental mvestigation of copper metabolism Cimningham (1) surveyed 
the occurrence of copper m the organs of twelve species of land animals, as 
well as m plants and foodstuflfs Elvehjem (2), m 1935, presented an ex- 
tensive review of the biological significance of copper, and Schidtze (3) has 
comprehensively discussed the rdle of this element m blood formation on 
the basis of experimental evidence available to 1940 The hterature on 
copper m relation to animal health has been reviewed to 1944 by Russell (4) 
Typical mvestigations based on chemical analysis mclude balance and tissue 
accumulation experunents with rats (5, 6), analysis of blood copper m 
rabbits and sheep after oral and mtravenous admimstration (7), detailed 
experiments on the excretion of copper by the rabbit (8), and a study of 
liver stoiage m the rat, rabbit, and guinea pig (9) 

Emphasis has been placed upon work with sheep by workers m the Umted 
Kmgdom and Australia, due to the economic importance of a naturally 
occurrmg copper deficiency disease in lambs Sheep, cattle, and goats are 
known to be affected, and while this condition has not been reported for 
horses, it has been observed m foals A naturally occurrmg copper de- 
ficiency m cattle has been observed on the muck soils of Florida (10) In 
addition to the usual symptoms of anemia, severe diarrhea, cessation of 
growth, and depigmentation of haii, there was endence of an abnormal 
bone metabolism as mdicated by nckets-like swellmgs at the long bones of 
the calves and rarefaction of bones m the older cattle It has been re- 
ported by English workers (4) that the copper deficiency syndrome m cattle 
can be caused by an excess of molybdenum m the forage, and, furthermore, 
that the therapeutic use of copper will protect the animals Interestmgly 
enough, analysis of the forage grown on Florida muck areas has mdicated 

* Published with the permission of the Director of the Florida Agncultural Ex- 
periment Station 

Presented before the Division of Biological Chemistry at the H2th meeting of the 
American Chemical Society at New York, September, 1947 

The Cu®* used in this investigation was supplied by the Clmton Laboratories and 
obtained on allocation from the United States Atomic Energy Commission 
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levels of molybdenum m some cases potent j^illy to\ic loi livestock, similai 
levels ot molybdenum hu\e been lepoited also in ('(atuin aicas of Ciilifoinia 
(11) A lesciuch piogiam was designed, theieloie, to evploie the intei- 
lelationslups ol eoppei and molybdenum and the possible idle ot these ele- 
ments 111 bone met diolism Vs a phase of this piogiam, the picsent paper 
descubes pioceduies loi the use ot pile-fnodia ed Cu''’' m animal expenments 
and the hehayioi ot eoppei adniinisteu'd to the noimal bovine 

nxwauMDNTVf/ 

The most suitable isotope ot eoppei loi li.uei studies is Chi*^', which has 
a halt lile ot 12 S houis and emits d-paitieies (uppei limit 0 oS mev), 
positions (uppci limit 0 G(i mev), .mil annihil.ition Y-ia\a In 1912 
Schultzc iind .Simmons (12) lepoiled the im‘ ot eii lotion-pioduced Cu“ 
m studies on nutiitional anomi i ol lats, and deinonstiatcd the leten- 
tion ot toppei m leit.un oigaiis ,is well .is the enti.ime ot dictaiy copper 
into the bone maiiow ot (he i.it 'I’heii mateiial was pie{)aied by proton 
bombaidmenfc ot nu kel to vield alioiit 0 5 millKiine with .i specific activity 
at time ot teeding ot .ibout 2 miliu lu les pei mg In 19 13 Si hubei t el al (13) 
followed ('ll*’"' attei inliavenous mjcetion into two dogs, this isotope w'as 
piepaied bj’’ doutcion homb.udinent ot loppei to \ield about 1 7 milhcuues 
with a specific actuitv of .iboiU 0 05 millKuiie poi mg at the tune of in- 
jection The lit idiatiou unit a-^ lemoved tiom the pile has about 100 milii- 
cuues aitmty, and as it leathes om laimiaton some 28 hums latei will 
contain about 20 millKiuie-' with a '.pecilie aitnity ot 0 Ofi milhcmie per 
mg It may bo noted that while i^dotion pioduition of C’u®‘ bv lians- 
mutation will yield highei specifii .ittivifies, the total uctivit}' available is 
eonsideiably less than tiom jiile pioduction, fiom the piactical standpoint, 
due to the shoit halt litc, tlxi'- means that i vclotion-pioduecd Cii*^' can be 
used only w ith sm.ill animals o\ ei lelatiwl} shoi t time pci lods and that the 
expel iments must he stalled ‘•non aftei coiuiusion of the borabaidment 

A eonsideiation of estimated losts will emphasize the limitations that 
would be plated on huge animals and extended expcuraentation weie it not 
toi the availability of pile-piodiued Cu**, tiom the v.duos ot Schultze and 
Simmons (12) with a eonsei \ at iv^e estimate ot $15 pei houi opeiatmg ex- 
pense of (he cyiiotion, the tost pei millicune at the eyclotion would he 
about $150, wheieas the coiicsponding cost at the pile is about $0 25 

The iiiadiation unit consists of 0 32 gm of pine eoppei wme The eoppei 
IS lemovred fiom the shipping contamei, immediately dissolved in a small 
volume of 8 x mtiic acid, and is then neuf lalizcd w ith 2 n sodium hydi oxide 
A magnetic stiiiei is used to pi oxide vigoious agitation dm mg neutiali- 
zation to avoid piecipitation of the hydioxide, the solution is adjusted as 
close as possible to neutiality without causing piecipitation Measuied 
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amounts aie then remo\ed for calibration standaids and administration to 
the animaK studies have indit ited th it there is no practical ad\ ant ige to 
be gamed bi puiifacation of the iiiadiation unit The half life of each 
sample as icceiicd was determined and found in good agieement wnth the 
established \ alue of 12 S hours Pui ification of the copper by extraction 
from acid solution w ith dithizone did not change the half life Perhaps of 
most signihcance were oiu ex^peimients m which the blood plasma was 
analjzed chemicallj for coppei befoie lud aftei the admmistiation of the 
radioactii e prepai ition, the mcrease m plasma coppei as detennmed chemi- 
cally’’ agreed fairly well wath the lalues obtamed by activ ity measurements 

It was found convenient to make the radioactivity measurements m 
solution with the dippmg counter as previously described (14) The mica 
wandow bell jai type counter was also employed wath about equal sensi- 
tn ity, m which c ise a gn en \ olume of solution w as placed m a standard 
Petri dish directly imdei the window Calibration ciuies weie determmed 
daily and the measurements weie collected for decay by calculation to the 
nearest curve It was noticed early m the woik that with certam lacho- 
copper solutions it was very difficult to get the dippmg counter to leturn to 
background after a measurement Later observations mdicated that when 
the pH was abov e 4, an adsorption to the glass wall of the counter occurred 
This mdicates that all solutions, both standards and samples, should be kept 
definitely acid to avmid loss by adsoiption dmmg the various steps of the 
procedure 

Since it was desired to handle at least 200 samples m each experiment, the 
ordinary method of diy^ ashmg m a muffle furnace was found too time-con- 
suming A rapid method of pseudo wet ashmg, based on soh ent extraction 
of the fat, was dei eloped so that 200 samples could be piepared foi measure- 
ment wathm a few hours In actual piactice, the autopsy' of a large animal 
IS started at 8 a m and the samples are ashed and radioactivnty measure- 
ments completed wathm 16 houis The piocedure is as follows A repre- 
sentative sample, up to 80 gm , is cut into small pieces and placed m a 400 
ml beaker, to which 40 ml of concentrated nitric acid are added The 
tissue IS allow ed to soak 10 mmutes, after which gentle heat is applied The 
resultmg solution is evapoiated to about 15 ml on a hot-plate and then 
transferred to a steam bath for contmued ev aporation to remove the acid 
The residue is washed into a separatory funnel w ith small amounts of warm 
water The beakei is rmsed with two 10 ml poitions of isoamyl alcohol 
which are m turn transferred to the separatory funnel The separatory 
funnel is shaken gently and the two solutions separated and made to v olume 
for measurement with the Geiger counter 

Adequate health precautions weie employed, smee it was necessary to 
handle 20 millicuries of a 7-1 ay emittei Radiation-momtoiing instiai- 
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mentation and piotcctive clothing weie Ubcd Operations were arranged to 
be earned out at a distance of about 4 feet fioin the source, and when it was 
necessaiy foi pcisonnel to handle the oiiginal mateiial at closci range lead 
shielding ^\as used and the time of evposuie minimi/cd All authoritative 
suggestions on health protection applicable to ihi-j system, fioin the 
handling of the oiiginal solutions thiough the nicasuiements and mcluding 
the final disposition of the animal pioducts, were followed implicitly 

UlSULl’b AND DISCUSSION 

Excieiion of Coppei — Year ling bulls, on a noinial ration, weighing 
about 350 pounds, were used foi the exciction data piesented m Table I 
The copper solution was administeied by stomach tube oi injected into the 
jugular vein, with the other e\pci imcntal details as pie\ loiisly described foi 
cobalt (15) About 250 mg of copper woie used loi oial administration 
and about 100 mg foi the injection The values given lepicsent the ev 


Tabcc I 

Excrelion during 5 Days of Labeled Copper by Calllc in Percentage of idnnnislcrcdDosc 


Administration 

1 No of animals 

1 cccs 

1 Urine 

Oral 

1 

75 

3 

Injection 

3 

1 

3 

1 

3 


cietions during the 5 days following administration, since the decay of the 
isotope did not allow fiiithei observations The values are probably some- 
what low^ei than the true total excietions, although pievious expeiience has 
mdicated that elimination of most of an unabsorbed element will occur 
within the first 5 days 

Although only one animal is reported for the excretion of dietaiy copper, 
values for the gastiointestmal contents from several other animals sacrificed 
after 42 hours indicate that the 75 per cent excretion figure is not out of Ime 
This demonstrated that m the bovme the absorption of even soluble copper 
IS quite low Eden (8) reported that when 50 mg oi copper as the sulfate 
were administered to a rabbit by stomach tube about 96 per cent of the dose 
was eliminated m the feces and about 1 per cent m the iirme Houk et al 
(6) found that rats on diets of varymg iron, copper, and cobalt content le- 
tamed from —6 2 to 3 0 per cent of the dietaiy copper Lmdow et al (5) 
reported that rats excreted 98 per cent of supplemental dietary copper in the 
feces, although on a normal diet the fecal-uimaiy ratio was about 2 The 
ratio of fecal to urinary excretion of radioactive copper admmisteied to rats 
in this laboratory averaged about 25, which agrees with the values m Table 
I and IS of the same order of magnitude as that reported by Eden for rab- 
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bits This ratio ivill depend, of course, upon the total amount and solubil- 
ity of the mgested copper 

The apparent high retention of intravenously injected copper was quite 
surprismg m view of the previous findmgs with cobalt (15), where oier 60 
per cent of the cobalt dose was rapidly eliminated m the unne and over 
30 per cent m the feces However, this behavior confirms a field experi- 
ment wTth cattle, which demonstrated that mjected copper exhibited a 
much longer period of therapeutic efficiency than did orally administered 
copper Eden and Green (7) reported that of 3 mg of copper mjected mto 
the ear vem of a rabbit about 17 per cent appeared m the urme wrthm 48 
hours, and the remaimng S2 per cent m the feces over a period of 4 weeks, 
with most of the fecal excretion occurrmg during the first 2 weeks 


Table II 

Parltiton of Labeled Copper tn Blood of Cattle 


\dfflinistiauo& 

Time 

Labeled copper 
dosage in blood 

Labeled copper in 
blood contributed 
by plasma 



^ef ctnl 

ttr urt 

Intravenous injection 

5 min 

36 

63 

it 

1 hr 

36 

31 

ti it 

3 brs 

19 

9 

ft it 

6 " 

13 

12 

it it 

19 “ 

9 

13 

it ii 

26 “ 

7 

14 

it it 

41 

5 

33 

OraL 

19 '• 

0 15 

39 

if 

41 “ 

0 29 

50 


Fate of Copper tn Blood Stream — ^Table II presents data showmg the per 
cent of the labeled copper dosage found m the blood and the proportion of 
the labeled copper in the blood which was contributed by the plasma, at 
varymg tunes after admmistration The animals described earher were 
used, and the total blood was calculated as 7 7 per cent of the body weight 
The blood samples were taken from the jugular vem opposite that used for 
the mjection 

The mjected copper was rapidly removed from the blood stream by 
capillary passage through the tissues, as only 36 per cent of the dose was 
found m the blood after 5 mmutes, the removal of copper from the blood 
was slower thereafter It is generally considered (7), at least for sheep and 
cattle, that normal blood copper is equallj' distributed between the plasma 
and cells The values m Table II lead to the followmg picture m regard 
to the behavior of mtravenously mjected copper Immediate^' after 
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injection two piocc'^'icts occui, lenioval of lopiiei fiom the phibina by deposi- 
tion in the tibbucb, and absoiption ot cojipei by the led blood cells The 
hist piocess must occui initially at a much faslei lale than the second, 
since at 5 minutes about bl pci cent of the dosage was lemoved fiom the 
blood and yet the plasma still contained a gicatei piopoition of the labeled 
coppei than did the cells Between 5 mimiles and 1 hoiii, theie waspiac- 
tically no lemoval ol coppei tiom (he blood, liowevci, the piopoition in 
the plasma dcci eased, w'hich may be t.ikeii to indicate a continued accu- 
mulation by the cells dining this peiiod Between 1 and 3 houis theie was 
fuithei lemoval of coppei fiom the blood with (he indication that most, if 
not all, of the coppei was being leinoved by the tissues fiom the plasma 
Fiom then on, the attainment ot cciuihlmum between the icd blood cell and 
plasma coppei piocecdcd at a fasten into than iemo%al of coppei fiom the 
blood Howevei, oven aftci 1 1 houis noimal disliilnilion was not attained 
The data show' that such huge deviations liom thi' noimal distiibution do 
not occui w'hen the coppei is absoibed horn the tiact The accumulation 
ot coppei in the led blood cells is not simplj a heavy metal adsorption, 
otheiw'ise the same behavioi would be evpeited with cobalt, and m similai 
pievious w'oik (15) no cobalt was detected in tlic cells Tliese findmgs 
agiee m geneial with those of Fden .ind Giecn (7), who used chemical 
analytical methods w'lth labbits ind sheep, and with tho'-e of Schubert 
et al (13), who employed ladioactuc coppei with dogs 

Tissue DislnbuUon of Coppei in Bovine — Table III shows the tissue dis- 
tiibution of labeled coppei injected into a 2 yeai-old bull and oially admm- 
isteied to a young bull calt and anothei 2 ycai-old bull The piocediiie 
foi the slaughtei of the animals and the handling of the tissues has been 
described eailiei (15) 

Consideiing the distiibulion of the ingested coppei, it is evident that, 
although the letention by the animal is low', the coppei which is absoibed 
IS geneially distiibuted and does i each the tissues involved in hematopoiesis 
The tissues show'iiig a high concentiation weie, in decieasmg oidei, the 
livei, kidney, gastiointestinal tiact, adienals, thymus, and gallbhddei and 
bile, those of medium concentiation include the panel eas, lecl bone maiiow, 
intestinal lymph, blood, spleen, lieait, lung, and lepioductive oigans, veiy 
low concentiations of coppei weie found in the white bone maiiow, muscle, 
hide, bladdei, ligament, caitilage, bone, eye, and neive tissue It must 
be lemembeied that in some cases negative lesulls w'lll be due m pait to the 
small sample available It is obvious that the livei, w'hich show's the 
highest concentiation, seives as the chief stoiage oigan The kidney 
invaiiably has the next highest concentiation, and m the adult bovme the 
latio of livei to kidney acciumilation averages about 5, m tissue dis- 
tribution studies with lats saciihced aftei 17 to 65 lioius, we have found 
the concentration of labeled coppei m the kidney to exceed that m the livei, 
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T\blb III 

rissBC Dislributton of Labeled Copper Idmtnistercd to Cattle 


Mode of admimstratioa 

A^e and of animal 

Actual dosase mg Cu 

Sacnuccd after, hrs 

Oral 

11 mos 
146 

42 

35 lbs 

Oral 

IS mo3 , 
2S6 

42 

, 4 0 lbs 

■ Jugular injection 
' IS mos. -160 lbs 

1 160 

19 

f per 100 j 
gin fresh | 
\ eight per i 
100 mg 
do^ge 

Per cent of 
do,»e in 
whole 

ti aac 

f per 100 
gm freah 
'veignt per 
100 mg 
dosage 

Per cent of 
do^e in 
vho!c 
tissue 

^ y per 100 

I gm fresh 
.weight per 
100 mg 
dosage 

Per cent of 
i do«e m 

1 whole 

1 tissue 

Pituitarj 

« 

0 

♦ 


35 

0 00059 

Thyroid 


0 

* 


17 

0 0046 

Thymus 

32 

0 032 

3 

0 0067 

19 

0 024 

Idrenals 

4S 

0 0015 

3 

0 00015 

28 

0 0033 

Reproductive organs 

5 

0 0017 

1 

0 0058 

8 

0 056 

Cerebrum 

-* 

0 

* 


1 

0 0020 

Cerebellum 

33 

0 008 

« 


2 

0 0016 

Eie 

« 

0 

m 


6 

1 

0 0013 

Intestinal Ij mph glands 

H 


3 


29 


Heart 

S 

0 019 

1 

0 012 

11 

0 OSS 

Blood 

10 

0 29 

2 

0 25 

60 

9 4 

Aorta 

» 

0 

3 

0 0019 

23 

0 013 

Lung 

8 

0 037 

1 

0 022 

66 

0 96 

Trachea 

7 

0 0031 

* 


10 

0 021 

Kidney 

71 

0 10 

9 

0 045 

150 

0 73 

Bladder 

i 

0 0013 

1 

0 007 

20 

0 014 

“ urine 

69 1 

0 0066 

17 j 

0 010 

29 

0 010 

Tongue 

0 

0 011 

9 1 

0 015 

10 

0 068 

Esophagus 

3 

0 0012 

2 I 

0 0059 

14 

0 029 

Fundus abomasum, mucosa 

42 

1 


6 

1 

, 1 


1 27 



“ “ muscular 

131 


0 042 

31 

i 

1 0 032 

101 

1 1 

0 15 

Pylonc “ mucosa 

44 



Hi 


1 

331 



“ “ muscular 

9 



3 

1 1 

. 12] 



Abomasum contents 

100 

0 12 

39 

1 0 57 

2 i 

0 023 

Reticulum 

17 

0 011 : 

4 , 

[ 0 025 

, 28 1 

0 15 

Omasum 

100 

0 075 

3 

j 0 046 

13 

0 16 

“ contents 

690 

0 38 


1 

* 1 

1 

Rumen 

13 

0 033 

1 2 

j 0 055 

' 33 

1 2 

“ and reticulum 

310 

7 3 

1 40 

11 0 

1 * 


contents 


1 

1 




Duodenum, mucosa 

*] 

1 

10] 



1 ^1 

I 1 

“ muscular 

10 

1 

j 

*1 



20 

! 1 

Jejunum, mucosa 

31 

• j 0 38 

4 

r 

0 097 

1 


o 

00 

“ muscular 

16i 


3 



1 lo 


Reum, mucosa 

32 j 

. 

4 

: 

I 

' 20 

1 1 

“ muscular 

1 11] 

1 


1 t 

i 18, 

i , 

Small intestine contents 

50 

j 0 21 

1 70 

2 2 

6 

1 0 15 

Large “ mucosa 

1 

1 0 10 


0 12 

1 611 

i ' 1 8 

“ “ muscular 

1 13, 



-t/ 


, 12J 

I 

“ “ contents 

310 

1 0 67 

750 

29 1 

1 

[ 0 6 










912 


I'W'i’L OP lovDioAri’ivi: coitpu 


Tablu lU—Conducicd 


Mode of administration 
Age and n eight of animal 
Actual dosage, wig Cu 
Sacrificed after, Ars 


Pancreas 

Spleen 

Liver 

Gallbladder and bile 

Tenderloin muscle 

Gastrocnemius muscle 

Ligament 

Cartilage 

Bone 

Red bone marrow (nbs) 
White bone marrow 
(long bones) 

Teeth 

Hide 


Oral 

IJ ma3 

no 

12 

, 85 lbs 

Oral 

18 moa 
250 

12 

7 per 100 
gm fresh 
welfhl pet 
100 mg 

dosage 

Per cent of 
do c in 
whole 
tissue 

7 per 100 
gm fresh 
weight pet 
100 nig 
dosage 

17 

0 0071 

2 

9 

0 012 

J 

1090 

7 0 

41 

97 

0 005G 

2 

G 


1 

* 


« 



1 

* 



« 



15 


2 

9 


* 

« 



5 


1 


, 150 lbs 

Jugular injection 

13 mos 
160 

10 

, 460 lbs 



Per cent of 
dose in 
whole 
tissue 

7 per 100 
gm fresh 
\ eight per 
too rng 
dosage 

Per cent of 
dose in 
whole 
tissue 

0 0021 

87 

0 21 

0 015 

13 

0 20 

1 0 

1130 

32 6 

0 003G 

190 

0 1 


1 



11 


1 

7 



« 



51 



21 

1 


• 



9 



y represents microgrania of Cu 
* No radioactivity detected in sample 


which points to a species difleicnce and confiims the icsults of Schultze 
and Simmons (12) With labbits, the livoi -kidney ratio of labeled copper 
has langed fiom 13 to 30 

Chemical analysis has shown that the liveis of veiy j^oiing animals are 
especially high m coppei and that a calf is boin with a coppei concentiation 
in the livei of 4 to 8 tunes that ui the livci of the adult, the data m Table 
III confum this selectivity and indicate that it persists at least through the 
fiist 14 months of life In compaimg the values fiom the young and the 
adult animals, it is bettei to use the peicentage of dose figuies, since the 
concentiations aie affected by the body weight It is noted that except for 
the livei the peicentages of dose foimd m the vaiious tissues aie m close 
agreement, this indicates that the livei of the calf actually exliibits a greater 
selective accumulation of the absoibed coppei 

The injection values in Table III weie obtained fi om an animal of appiox- 
unately the same weight as the adult leceiving the copper oially, and, 
theiefoie, in this case both the concentiation and peicentage dose values 
aie comparable In geneial, the injection tissue values aie about 10 times 
the coriesponding ingestion values, which agam i effects the pool absoiption 
of the oially administered coppei The piopoitional distribution of the 
mjected coppei was similar to that of the mgested coppei 
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Since it IS lecognized that the gastrointestinal tract has an important 
hematopoietic function, particular attention has been paid to the accumula- 
tion of copper m the true stomach and mtestinal mucosa It may be noted 
from Table III that in all cases the mucosal was greater than the muscular 
concentration, negative values for the duodenum were due m part to the 
small sample available The ratio of mucosal to muscular concentration 
averaged 2 7 for the mgested and 2 8 for the mjected copper TVhen the 
copper was mjected, the accumulation m the mucosa probably occurred 
via the general circulation, smce it has been shown that relatively small 
amounts of copper reach the mtestinal contents durmg the 24 hours follow- 
mg mjection In the case of the true stomach particularly, it would seem 
unlikely that the mucosal accumulation of the mjected copper could have 
come from the contents It is considered, then, that the gastromtestmal 
mucosa does concentrate copper from the general circulation, but an esti- 
mate of the extent of secretion mto the lumen must await bile and pan- 
creatic fistula studies 

To date, fifteen cattle have been used for studies with copper as reported 
here, there has been general agreement, and for brevity only results from 
representative mdividuals have been presented The normal behavior of 
copper m the bovme, as herem described, is considered a basis for the study 
of deficiency and abnormal conditions 

stmaiART 

Procedures are descnbed for the use of pile-produced Cu^ m studies with 
large as well as small animals The results are m general agreement with 
such findings as are available m the hterature 

Only a small proportion of orally administered copper is absorbed by the 
bovme, yet that which is absorbed reaches practically every tissue Intra- 
venously mjected copper is generally distributed and highly retamed at 
least durmg the 1st week after administration 

Immediately foUowmg mtravenous mjection, copper is rapidly removed 
from the plasma by the tissues and is more slowly accumulated by the red 
blood cells The red blood cell copper is more tenaciously retamed than 
the plasma copper as far as removal by the tissues is concerned, although 
equihbnum between the plasma and red blood cell copper is eventually 
approached 

Durmg the first 1§ months of hfe the hver of the calf exhibits a greater 
selective accumulation of absorbed copper than is observed with the older 
ammal 

Tissue accumulations of orally administered and mtravenously mjected 
copper are presented and discussed 

The writers wish to express appreciation to Dr E, B Becker and Mr P 
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‘ THE UPTAIvE OF GLUCOSE THE SYNTHESIS OF GLYCO- 
GEN BY THE ISOLATED DLAPHRAGM OF NORjNLAL 
.VND PITUITECTOJHIZED RATS 

B-i ^LVRTIX PERLMTJTTER* ivd ROY 0 CREEP 

{From the Department of Medicine, Hanard Medical School, the Medical Clinic, Peter 
Bent Brigham Hospital, and the Hanard Dental School, Boston) 

(Recened for publication, February 28, 1948) 

Clinically, the antagonistic actions of the hormones of the anterior pitui- 
tarj*^ and of the islands of Langerhans of the pancreas have been well docu- 
mented Davidoff and Cushing (1) reported that the mcidence of diabetes 
in acromegalic patients i\as 12 per cent m then* series and 35 per cent m 
Borchard’s series as compared n ith 0 5 per cent m the general population 
(2) Basophilic adenomas of the pituitaiy are also accompamed by hyper- 
glycemia and insulin resistance (3, 4) Conversely, hjtpoglycemia and 
extreme msulm sensitivity are cardinal features of the hypopituitary 
state (4) 

Physiological experiments bj Houssay (5) and Geilmg (6) have shown 
antagonistic action of pituitary extract and msulm Houssay discovered 
that the removal of the anterior pituitary gland suppressed the diabetes of 
the pancreatectomized animal and that the subsequent mjection of the 
antenor pituitary extract caused hyperglycemia to reappear Houssay 
(5) and Geilmg el al (6) ha\ e demonstrated that pituitectomized dogs are 
very sensitive to the hypoglycemic effects of msulm 

By ^n vitro studies with isolated diaphragm muscle of the rat, Gemmill 
(7, 8) has demonstrated that msulm mcreased glucose disappearance from 
the medium and glycogen synthesis m the isolated diaphragm Stadie and 
Zapp (9) and CorkiU and Nelson (10) have confirmed this CorkiU and 
Nelson also reported that the antecedent mjection of anterior pituitary 
extract mtrapentoneally m rats prevented the msulm effect on the glucose 
utilization and glycogen synthesis 

Con (11), studymg the effect of purified muscle hexokinase upon the 
phosphorylation of glucose, reported that msulm had no direct acceleratmg 
effect on this reaction Hon ever, nhereas antenor pituitary extract m- 
hibited the hexokmase leaction, msulm abolished this anterior pitmtary 
inhibition He concluded that he could not demonstrate a direct action of 
msulm on the hexokinase reaction but that msulm did counteract the m- 
hibitmg action of antenor pituitary This action of msulm failed to explam 

* Senior Research Fellow of the National Institute of Health, United States Pub- 
lic Health Service 
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the e\tieme insulin sensitivity of the hypophyscctomi/ed nnimiil Con, 
theiefoie, suggested that insulin might also have a direct 'stimulatory effect 
on some othei en/jyme reaction 

Since the hist step m glucose utih/ation, the he\okinase reaction, is iiie- 
veisible, Kiahl and Con (12) stated that it should be the late-detci mining 
step foi glucose uptake by the diapluagm In oidei to extend then studies 
of the action of insulin on the hexokinase leaction to intac t muscle, the> 
utilized Gemmill’s technique in then study of the clKiphi.igms of noiraal, 
diabetic, and adienalcctomizcd lats 

Stadie (9), discussing the implications of Con’s data, st ited “it the action 
of insulin IS solely to release the inhibitoiy action of antenoi pituitaiy ex- 
tract on the hexokinase icaction, no effect of insulin in vilio should lie found 
when diaphiagms from hypophysectomi/cd rats aic used ” Stimulated by 
previous work in Stadie’s laboiatory and by this statement, one of us 
(M P) repeated Gcmmill’s expenments with normal lata and rats 1 to 5 
days aftei hypophyscctomy Both the glucose disippcai'ince fionr the 
medium and the glycogen synthesis by the isolated diaphragm vere 
measured 


Methods and Materials 

Ammals — ^All the rats weie females of the Hisau strain, weighing between 
125 and 175 gm when killed The animals were fed Purina dog chow ad 
libitum in the first senes In the second expeument, the rats were tube-fed 
10 ml of a fluid food mcxtuie pei day foi 3 to 1 dajs bcfoie they were 
lolled The fluid mixtuie contained 0 6 gm of Celhi floui, 0 02 gm of 
Phillips and Halt Salts 4,^ 0 5 gm of diied yeast, 0 S gm of casein, 1 S gm 
of starch, 0 75 gm of dextiin, 0 7 gm ot suciosc, 1 ml of Mazola oil, and 
watei to a final volume of 10 ml 

The normal rats were fasted foi 24 houis before the expeument and the 
pituitectomized rats were fasted for 18 houis 

All pituitectomies weie pei formed by one of us (R 0 G ) using the 
parapharyngeal approach The completeness of the pituitectomy wxrs 
confirmed by postmortem examination of the sella wnth the aid of a dissect- 
mg microscope 

Expenmental Methods — ^The rats were stunned by a blow on the head and 
then decapitated The diaphragms were removed according to the descrip- 
tion of Stadie and Zapp (9) One- thud of each hemidiaphiagm was used 
to determine the initial glycogen content of the diaphragm The rest ot the 
hemidiaphragms were placed m Warburg vessels wRich had been kept at 4° 
The large compartment of each vessel contained 2 ml of Krebs’ Ringei- 

1 Hegsted, D M , Mills, R C , Elvehjem, C A , and Hart, E B , 7 Biol Chem , 
138 , 460 ( 1941 ) 
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phosphate solution (pH 7 4) with either 0 3 or 0 1 per cent glucose 0 2 ml 
of 1 N NaOH was placed, m the center well to absorb the respiratory COj 
To remove the phenol, used as a preservative in commercial crystallme 
msulin solutions, the msulm was subjected to isoelectric precipitation 

0 001 N NaOH was added to the commercial msuhn, drop by drop, until 
a dense cloud appeared The tube was then spun at 4000 revolutions per 
second for 15 minutes The clear supernatant was decanted and tested for 
residual msulm by the addition of more NaOH and the 0 001 x HCl If no 
further cloud appeared, the supernatant was discarded The precipitate 
was dissohed m distilled water by the addition of a few drops of NaOH to 
brmg the pH to 7 0 The concentrated msulm solution contamed 60 umts 
per ml Just prior to the experiment, the concentrated solution was diluted 

1 100 mth distilled water 0 033 ml of this dilute solution was added to 
the mam compartment of alternate Warburg flasks The final concentra- 
tion of the msuhn m the medium was thus 0 01 umt per ml These small 
quantities of msulm were used because the concentrations were closer to the 
normal concentration of serum and because previous experiments had dem- 
onstrated that the msulm effects with this low concentration were similar 
to those produced by 0 5 to 1 umt of insulin per ml 

The Warburg vessels, contaimng the diaphragms m the medium, were 
gassed for 3 mmutes with 100 per cent oxygen and then placed m a Warburg 
water bath at 38° The flasks were shaken at a rate of 68 tunes per mmute 
After an mcubation period of 2 hours, the vessels were removed from the 
bath The diaphragms were immediately removed and placed m 1 ml of 
30 per cent KOH solution 1 ml of the residual medium was pipetted mto 
flasks contaimng Z11SO4 for a Somogyi precipitation prior to glucose 
analysis 

Glycogen was analyzed by the method of Good, IGramer, and Somogyi 
(13) The protem in the media, at the end of the experiment, was precipi- 
tated by the method of Somogyi (14) The glucose was determined bj a 
modification of Benedict’s method (15) 

Results 

The amount of glucose disappeanng from the medium and the amount of 
glycogen m the diaphragms are expressed as mg of glucose per 100 mg of 
wet diaphragm per 2 hours of mcubation 

The glucose concentration of the medium m the first senes of experiments 
was 0 3 per cent and m the second it was 0 1 per cent 

Diaphragms from Normal Rats in OS Per Cent Glucose iledium — The 
mean amount of glucose utilized without msulm was 0 64 mg pei cent and 
0 99 mg per cent with msulm, the msulm effect was 0 35 mg per cent (55 
per cent mcrement) The glycogenesis without msulm w'as 0 30 mg per 
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cent and 0 00 mg pei tent witli nibulm, the insulin c-nei t was OdO mg per 
cent (100 pel cent inclement) (Talilc 1 ) 

Diaphiaginii fiom Pduikdunitzid Hah in Od Fti CtiU (Umu^t, Malium — 
The mean amount ut glucose utiiiml without insulin was 1 00 mg poi cent 
and 1 00 mg pei tent with iiisulm, the insulin ellei t was 0 (>0 mg jiei tent 
(57 pei cent inclement) Tlie mean gh togeni '■is without insulin n. 1^030 

Tvum 1 

GliitOfiL Uptake and (rli/La{jtnf<t'i bi/ i)taphraijin i of Aunnal liahf 
Eiich lino givoa llio liatii of the diaiihingm of ono r it Tlio i^liitoso coiiLcntratiou 
of the medium w la 0 I por Li III 'I’lie \tasi Is wen iiiciil) iti d it iS'’ for J houra The 
glucoac uptake and nl\ ( onoiK'sis an i \pn sn d as mg of gliitosi [it r 100 mg of wet 
weight of diajihr igm 
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mg pel cent and 0 51 rag pei cent with inaulin, the inaulin etlect waa 0 21 
mg pei cent (70 pei cent inclement) (Table II) 

The pituitectomized lata m this seuesweie fed adlibilum postopeiatuelj 
On the 4th and 5th day postopeiatively, they weie killed All of the eleven 
lats ate pooily and lost some w^eight Thiee oi these w^eie almost moiibund 
on the day of the experiment 

The sella tiucica was examined post mortem only m Rats 7 to 11 About 
one-quaitei of the pituitaiy (posteiioi lobe) was found in the sella ot Rat 8 
The other foui sellae contained no pituitary tissue 
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By tube feeding both the control and the pituitectomized animals and 
by decreasmg the glucose content of the medium m the Waiburg vessels 
from G to 2 mg , two undesirable experimental features of the precedmg 
experiments were eliminated These were (1) the difference m nutritional 
state between the pituitectomized and control rats, and (2) the determina- 
tion of the gluco-e utilization repieaented a small difference between two 
large nurabera, since onlj' 0 5 to 1 mg of the 6 mg m the medium was 


T\ble II 

Gluco‘iv Uplate and GlycogenesiA by Diaphragms oj Pituitectomized Eats 
Each line gives the data of the diaphragm of one rat The glucose concentration 
of the medium was 0 3 per cent The vessels were incubated at 3S° for 2 hours 
The glucose uptake and glj cogenesis are expressed as mg of glucose per 100 mg of 
wet weight of diaphragm 
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* Almost moribund 

t Excluding the three moribund animals 

utilized These changes weie considered desirable m order to prevent the 
wide variation of insulm effects on glucose uptake noted m Table II 
Diaphragms from No) malRatsinO 1 percent Glucose Medium — SixanimaLs 
were tube-fed for 3 to 4 days before the experiment The last tube feedmg 
was given 24 hours before the experiment The mean amount of glucose 
utilized without insulm was 0 53 mg per cent and 0 85 mg per cent with 
insuhn, the insulin effect was 0 32 mg per cent (60 per cent mcrement) 
The mitial glycogen content was 0 18 mg per cent, this was higher than 
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Tablij III 

Olucoac Uptake and Olycogcncata by Diaphrayma of Normal Rata 
Each lino mvea the data of tho diaphragm of ono rat Tho glucoso concentration 
of tho medium was 0 1 per cent Tho vcsacia were incubated at 38“ for 2 lioura Tho 
glucoso uptake and glycogoncsis aro expressed us mg of glucoso per 100 mg of wet 
weight of diaphragm 
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TxBLt IV 

Glucose Uptake and Glycogmicats by Diaphragms of Rituitcclomizul RaU 
Each lino gives tho data of tho diaphragm of one rat Tho glucoso concentration 
of the medium was 0 1 per cent The vessels were incub itcd it 38“ for 2 hours The 
glucose uptake and the glycogenesis are expressed as mg of glucose per 100 mg of 
wet weight of diaphragm 
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that of other senes .Vlthough these high initial glj cogen contents might 
have been due to the foiced feeding, the imtial contents in hjTiophysec- 
tomized animals smiilarlj fed weie lower The gtycogenesis wathout m- 
sulm was 0 10 mg per cent and 0 39 mg per cent wath insulin, the insulin 
effect was 0 23 mg pei cent (144 per cent increment) (Table III) 

Diaphragms from Piluiteclomized Rats m 0 1 Per Cent Glucose Medium — 
Ten animals were tube-fed foi 3 to 4 dajs after the operation Thus their 
food intake was identical with that of the contiol rats The animals were 
killed 16 to 18 hours after the last tube feeding These animals were m a 
good state of nutrition and actmty when thej' were killed The sella of 
every animal was examined post mortem and no pituitary tissue was found 

The mean amount of glucose utilized ivithout insulin was 0 36 mg per 
cent and 0 70 mg per cent wath insulm, the msubn effect was 0 34 mg pei 
cent (94 per cent mcreraent) The imtial glj cogen was 0 11 mg per cent 
Glycogenesis without insulm was 0 14 mg per cent and 0 30 mg per cent 
vath insulm, the insulm effect was 0 18 mg per cent (114 per cent mcre- 
ment) The msubn effect on glycogen synthesis was sbghtly but not 
sigmficantly lower m the two senes of pituitectomized rats than m the 
normal control senes The difference between the mean insulm effect on 
glycogen synthesis was 0 09 ± 0 05 (standard error of difference of two 
means) and 0 07 ± 0 04 in these two senes (Table W) 

mscossiov 

The insulm effect on glucose utilization of the diaphragm of the pituitec- 
tomized animals was as great as the effect on the diaphragms of the normal 
control rats The mean msubn effects on the glucose utilization of our 
four senes, as wrell as the msubn effects of similar senes of normal rats 
gathered from the literature, are presented in Table V Although the 
insulm effects vary considerably in the different senes, those of our pituitec- 
tomized tissue are writhm the range of the msubn effects noted with normal 
tissue The insulm effect reported by GemmiU seems to be greater than 
the effect reported by Stadie, Corloll, and in the present paper The 
reason for this is not apparent 

The observation that the insulm effect on glucose utilization of pituitec- 
tomized tissue 13 not less than that of normal tissue agrees with the cbmcal 
and physiological observations that insulm is verj’’ effective m mcreasmg 
glucose utilization m the hypopituitaiy state 

Our experiments with pituitectomized rats do not suppoit the assumption 
that the action of msubn is solely upon the hexokmase sj-^stem Four 
possibilities of reconcilmg Con’s data wath our observations can be con- 
sidered First, pituitaiy hormones maj still be exertmg their effect 4 to 
5 days after pituitectomy This seems leiy unlikely, smce there is no 



922 


GLUCOSL! AND GLYCOGNN IN DIAPIIILIGM 


evidence of positive action of pituitaiy lioi monos at siicli inteivalo after 
pituitectomy On the contiaiy, tlieie is abundant evidence that the hor- 
monal cITcct ceases by IS houis aftei pituitectomj Aftci pituitectomy, 
giowth ceases almost immediately (17), the sccietion ol milk stops within 21 
houis (18, 19), and theie is loss of adienal eoitical volume at 18 houis 

Taucc V 

Compu) it>on of Glutost U pinko and Ghjcoyoncsn in 'J'/iao litnea with That 

of Ollitr lit ported Sa us 

Katli lino roproaoiUs llio ineiui of tho dila of ciith sorus (lIiKoao ujit ike and 
j'lyooi'enoais are c\i>rosse(l as inj' of nhitose jier 100 nig of wet tliiipiirivgm for the 
entire duration of the experiment Tlie iiiauliii effeets an exiireasi d liotli as iiig jirr 
100 mg of wet diaphragm and as per cent increase 
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* Excluding three moribund aminalfa 


(20) The mteuuptiou ot all gonadal functions except that ot the coipus 
luteum in ceitain piegnant animals is evident in 48 houis oi less (21, 22) 
Maintenance of the luteal function m the pituitectomized piegmant ani- 
mals IS believed to be due to substances oiiginating fiom the placenta 
Second, insulin may act directly on the hexokinase system m the intact 
cell but not on puufied hexokinase Thud, insulin may speed up glucose 
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Utilization by an enzjnne ajbtem other than he\okuiase in the isolated 
diaphragm Since the diaphragm, which contracts constantly throughout 
life differs from most skeletal musculature in function, it is possible that its 
enzjTne sjstem differs from that of other striated muscle GemmiU (7) 
faded to find the m iilro msulm effect on glucose utilization of frog sar- 
torius muscle which he had found in the rat diaphragm It has been 
demonstrated that cardiac musculature, which also contracts regularlj' 
throughout hfe, differs from skeletal musciilatuie m its abilitj to form 
glycogen from Lictate (23) Fourth, substances other than pituitary 
hormones may inhibit the hexokmase reaction Broh-Kahn and Mirskj^ 
(2-1) have recentlj reported an inhibition of hevokmase bj’’ splemc extracts 
similar to the reported pituitaiy inhibition, insulm o\ ereame either of these 
inhibitions ^n vitro Thus insulin might be able to mcrease phosphorj^la- 
tion of glucose even m tissue of pituitectomized animals, if non-pituitar> 
hevokinase inhibitors were present 

Glucose utilization was greatest m the tissue of the moribimd fasted 
pituitectomized rats (Table II) Sly normal rats weie fasted for 4 dajs, 
the glucose utilization of the diaphragms of these rats was gi eater than that 
of the controls which were fasted 24 hours This suggests that prolonged 
inanition may have been a factor m mcreasmg the glucose utilization of the 
pituitectomized rats which were fed ad libitum 

SUMMARY 

The effect of insuhn upon glucose utilization in vitro is as great m the 
diaphragm of the pituitectoimzed rat as in the diaphragm of the normal 
Insulm can therefore directly mcrease the diaphragm’s utilization of glu- 
cose, even m the absence of the inhibitoiy effect of antenor pituitarj' 
hormones 

The authors are mdebted to llrs Xancy Meegan for her a^stance m 
the care of the ammals 
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BIOCHE^IICAL STUDIES ON HOG TESTICULAR EXTRACT 

I ISOL\TIOX VXD IDENTIFICATION OF 5-PREGNEN-303)-OL-20-OXE* 


By WILLLUI J ILVINES, RICHARD H JOHNSON, MARI P GOODWIN, 

AIARVIX H KUIZENGA 

{From the Research Laboratories, The Upjohn Company, Kalamazoo') 

Plate 1 

(Received for publication, February 13, 1948) 

Interesting theories concerning the biochemical mterrelationship of 
steroid hormones have been presented by many mvestigators Selye (1) 
has summarized these view s in a scheme for a possible route of biogenesis 
of the different types of hormonal compounds Uneqmvocal proof for 
such a scheme w ould seem to be qmte difficult How ever, one approach 
to this problem might mvolve the evammation of specific tissues for the 
constituent steroid compounds which have hormone activity or which are 
judged, by their structure, to be closely related to the active compounds 
One must assume that the coexistence of substances is mdicative of meta- 
bohe mterrelationship The common embryomc origm of gonadal and 
suprarenal cortical tissues suggests that it might be possible to find com- 
pounds related to sex hormones and adrenal cortical hormones m a com- 
mon location With this m mind we have apphed a standard procedure 
for the isolation of adrenal cortical hoimones (2) to the mvestigation of 
hog testes extract 

Durmg the early stages of the separation vanous fractions have been 
screened for four types of biological activity, adrenal cortical, androgemc, 
estrogemc, and progestational This has resulted m the detection of a 
significant amount of estrogenic activity, as measured by the Kahnt- 
Doisy assay procedure (3) Although the presence of such activity m hog 
testes has been reported previously (4), it was not further characterized 
At the present time, we are engaged m the identification of this estrogemc 
material Our results will be reported m a subsequent paper 

Although adienal cortical activity has not been detected by a muscle 
fatigue test (5) or a survival-growth assay (6), a considerable amount of 
unidentified material w'as obtamed m fractions correspondmg to the bio- 
logically active cortm fraction from adrenal glands It is known that, of 
the twenty-five or so steroid compounds which have been isolated from 

* A preliminary report of this work was presented at the meeting of the Division 
of Biological Chemistiy of the American Chemical Society in New York, New York, 
September 15, 1947 
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the adienal coitc\, only .six have .ippicciablc biologual activity by the 
above methods of assay (7) Thus it is ciiiite possible that this fraction 
fiom hog testes may be found to contain compounds such as the so called 
inactive adional stcioids 

Investigation of seveial fiactioiib by means of a standard assay piocedure 
foi progesteione (8) has tailed to detect this type of hormone activity 
Likewise, the use of a modified test, patleiiied aftoi that of Koienchevsky 
el al (9), involving the measuiement of seminal \esicle and prostate gland 
development, has not detected audiogenic activity After this ivork had 
been completed, a paper (10) came to oui attention which lepoited the 
isolation of audiogenic activity fioiu hog testcb The level of thib activity 
was extiemely low, about 150 7 ot tCbtosteione equivalent per kilo of tissue, 
and v\as detected by a chick comb-giow th asb iv (11) Oui failure to con- 
firm these findings might be accounted foi by oui use of a dificient isolation 
scheme and a diffcient method of bioubb'iy Dingemause el al (12) and 
Koch (13) have picviously discusbcd the dis-'imihuity m the rcbponse 
obtained with these t\\ 0 types of a^-^ay 
In his scheme for the hypothetical biosynthcbis ol stoioid hormones, 
Selye (1) has assigned a key position to o-piegucn-3(/3)-ol-20-one, commonly 

cir, 

( 

0=0 


^lA 





HO 

called pregnenolone Thus any eftoit to establish an interrelationship of 
steroid compounds by means of an isolation technique should quite natu- 
rally include an attempt at the detection of tins substance i^Uthough 
pregnenolone is readily available as a synthetic compound, havung been 
first prepared m 193-i by Butenandt, Westphal, and Coblei (14), its isola- 
tion from a natural source had been reported by only one laboratory prior 
to the initiation of our investigation In then voik, Ruzicka and Pielog 
(4) obtained a crystalline mixtuie of pregnenolone and allopiegnanolone, 
from which they were unable to separate free pregnenolone Only after 
acetylation and subsequent chiomatogiaphy over alummum oxide were 
they able to isolate pregnenolone acetate In our laboratory it has been 
possible to isolate free pregnenolone as such by means of a somewhat 
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different isolation scheme, followed by chromatography over magnesium 
silieate-cehte mixtures Smce pregnenolone has no distmguishmg bio- 
logical or chemical propei ties, it is a difficult substance to foUovr through 
any extensic e isolation scheme We have partially overcome this difScuIty 
by applying the xeiy useful tool of infra-red spectroscopy After the 
absorption spectium foi sjmthetic piegnenolone was established, each 
fraction from the chromatograms of the ketomc matenal from the tissue 
extract w as examined m the infra-red and compared to the standard curve 
By this means it was possible to observe the progressive mcrease m preg- 
nenolone content of the fractions, which led ultimately to the isolation of 
the pure compound The identity of the natural product wuth synthetic 
pregnenolone w as then estabhshed by the standard techmques of meltmg 
pomt, mixed meltmg pomt, optical lotation, and the preparation of a 
chemical derivative In addition, the Debye-Scherrer x-ray powder 
patterns and the infra-red absorption spectra m Xujol mulls proved the 
crystal structure identitj’’ as well as the chemical identity of the natural 
and synthetic compounds 

Two other crystaUme compounds weie isolated m the course of this 
investigation One of these, which melted at 256° and possessed an [a]j, 
value of —15°, was recov'eied from a chromatogram of mnced ketones 
This compound was m a band adjacent to one from which pregnenolone 
was isolated The identity of this substance has not yet been established 
The othei crystaUme compound was charactenzed as free cholesterol 
Although the presence of this sterol m the extract was not unexpected, its 
pomt of appearance m the isolation scheme was thought to be unusual 

EXPERniENTAi 

The processmg mvolved m this mv estigation has been divided for con- 
venience of discussion mto five stages 

Sfage A Initial Processing of Hog Testes — ^The startmg material for 
this study consisted of 470 kilos of hog testes These glands had been 
collected and frozen at the packmg-house, after which they were packed 
m dry ice and shipped to our laboratory ' Smce it was desired to study 
the steroid constituents m their natural state m the tissue, every precaution 
was taken that no transfoi-mations should occur previous to or durmg the 
isolation study The frozen glands were giound mto 95 per cent acetone 
(contammg 5 pei cent water) and piocessed as shown m Table I The 
subsequent processmg of fractions IX and VI from Table I is recorded m 
Stages B and C, respectively 

Stage B Processing of Ethylene Dichlonde Extract IX — The details of 

^ These glands were made available to us by the Eebable Packing Company, 
Chicago, Illinois 
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TaULL I 


Slago 1 Initial ProLcbsiinj of ling TljUs 
170 Iviloa fro/eu Iiok tested 

Extracted \sith 9o% acetone, 320, 110, 110 yds , IS hrs per cxtnction 



Acetone filtrate, removed acetone 
by diatillation in vacuo 


G1 vnd residue (I), 
elide irdcd 


Aqueous fraction (II) 110 gals , extracted 
with petroleum ether, G5, 35, 35, 35 gala 


Defatted aqueous fraction, 
extracted with ethylene 
dichlonde, 40, 10, 10, 10, 
40 gals 


Aqueous residue (IV) 
6 54 kilos, converted 
to dry powder by 
lyophilization 


Ethylene 
dichlonde 
extract (V) 


Petroleum ether extract, 
1 0 kiloa, concentr itcd 
to 19 gala , extracted 
with 20‘'c, acetone, 13, 
13 gals , c ich 20% 
acetone washed back 
with 10 gala jietroleuni 
ether 


Combined 20% acetone 
extract (VII), acetone 
removed by distillation 


Aqueous fraction 17 
gals , extracted with 
ethylene dichlonde, 5, 
5, 5, 5 gals 


Solid 1 it (III) 2 25 gals , 
2 SO kilos, dissoKcd m 
12 g da petroleum 
other,* extracted with 
20% acetone, S, S gals , 
1 liter w islicd back 
with cqu il volume pe 
trolcum ether 


Combined petroleum 
ether residue, con- 
centrated to 11 gals 


Petroleum ether-f it 
residue (VI) 


Ethylene dichlonde 
extract (VIII) 


Aqueous residue, 
discarded 


Total ethylene dichlonde extract (IX) 


* Skellysolve B 


Table II 

Stage B Processing of Ethylene Dichloridc Extract IX 

Total ethylene dichloride extract IX 
aoluto tranaftrred to 4 liters S D 3A alcohol,* cooled to 5° 


Vlcohol mother hquor 373 3 gm , 
adjusted alcohol concentration to 
70% to make \olume S 57 liters, 
extracted mth 3 liters petroleum 
ether, latter washed back witli 
70% alcohol, 2, 2 liters 


70% alcohol residue, concentrated to 
2 liters, adjusted alcohol concen 
tration to 50%, extracted with 
petroleum ether 3, 3, 2 hters, 
latter washed back with 50% alco 
hoi, 2, 2 liters 


Crjstalline precipitate (X) 
136 5 gm , treated with 
Darco, crjstallized from 3A 
alcohol, absolute methanol, 
absolute acetone 

I 

Free cholesterol (XI) 

i 

Petroleum ether extract (XU) 
294 S gm 


50% alcohol residue 44 8 gm , diluted 
to 30% alcohol to make volume 
6 9 liters, extracted with pe 
troleum ether 3, 3 liters, latter 
washed back mth 30% alcohol 
1 5, 1 5 liters 


Petroleum ether extract (XHI) 
22 8 gm 


30% alcohol residue (XV) (42 56 Petroleum ether extract (XIV) 

gm), concentrated to aqueous 2 24 gm 

residue, 4 liters, extracted with 
ethyl acetate 2, 2, 2, 2 liters 

1 

Ethjl acetate extract (X\ I) 14 4 Vqueous residue, discarded 

gm , extracted with two 0 1 volumes 
each 1% Xa CO,, OS'? HCl, 2% 

XaHCOj, followed bj three 0 1 vol- 
umes distilled water, each aqueous 
extract washed through same 4 
liters ethyl acetate 


Neutral ethyl acetate fraction Aqueous washes, discarded 

(XVII) 7 28 gm 

* 8 D 3A alcohol (90% ethanol, 5% methanol, 5% water) used for all subsequent 
aqueous alcohol extractions 
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Ulc tuiUici luindling of tins fuictioii .uc patented m Tidde II Vftei the 
ciudc ciybLdlino inAleiial (X), whitli g.ivc a -itiongly iio-iitivo Liebeiniann- 
Buichmd tobl, luul been decoloii/od witli Daico and thcMi < lystalli/ed tiom 
93 pci cent alcohol, a liactiou \\a^ obtviuu'd which melted un^luuply at 
I2b-138° and po^'iC'^'jod an [«)„'' i.ilue ol — 2()'’ (i = 19 in ( liloiofoim) 
Vtlci icciyslallUiilion ot tliH inatenal oiue lioin .ib-'oluto tiKdlumol and 
Unco timcb liom ab'joluto acelone, a 1 13 ->talliin‘ fi act ion u i^ olit. lined winch 
melted bliaiplj' and wii'a identdied as lue ( bolesleiol (XI) bj' the followiii!' 
pi open ties 

a,ir,.oi[ 

Calculated C 8$ 'JO, 11 11 '('J, in p ltS‘, [«!,' - i'l" 

Found ^ “ SlSb, " 11 “ 1 11-1 t.'i la],) — is^, (i — 1 h') m cldoroforni) 

The occuiicnco of this iimount ol liee < liolosleiol, 290 inu; pi 1 kilo ol tiSaUC, 
was not expected at this point in the isolation si heme 

Fiaction XVII would he expected to lontam llic coiniionnds iclitcd to 
the achenal coitex steioids In spite ol the but that no idieiiil hoimone 
activity was detected, liuthei in\estigation ol this mileiial ina^'' \icld 
ceitain ot the so called inacti\e adienai compounds It is intc testing to 
note that this tiactum was lound to contun 72(),000 it ot estiogenic 
activity (equivalent to 72 b mg ol estione), as nuMsiuetU bj the Kihiit- 
Doisy assay (3) An iincstigition ol this estiogenic niiteiid is imdci 
way at the piesent tune 

Slcffc C Pioceiinng of PeU oleum Elhu-Ful Rtdiduo I / — The loute b\ 
means of wdiich tiaction VI c\ol\ed m this studj ma\ be tiaced bj' the 
heavy lines m Table I The subsequent handling ot this inatenal is out- 
lined in Table III Ultimatelj" liaction XXIX was piodiiccd Xo ulieiial 
coitical, andiogenic, 01 piogesteionc-hkc activitj was detected in this 
fiaction Ilowevei, the Kahnt-Doisy assay indicated a total ol 2,100,000 
lu of estiogen activity (equivalent to 21 b mg ol cstionc) 

Stage D Piepaiatwii of NeiUial Ketone Fiaction— \n aliquot ol fiac- 
tion XXIX amounting to 5 gm m 578 ml of ethjd acetate was used foi 
exploiatoiy studies It was exti acted with foui 50 ml poitions ot 2 pci 
cent aqueous sodium hydi oxide, and each alkaline extiact was washed 
back thiough the same 100 ml ot ethyl acetate The alkali washes weie 
combined, acidified, and extiacted with ethyl acetate Altei being washed 
■with distilled watei, the ethyl acetate solution ot dilute alkah-soluble 

- The chemical analyses weie carried out by Mr llaiold Icmersoii and Mi William 
Struck of oui microanalytical laboratory 

’ All melting points weie taken on a Fisliei Johns block, which had been stand- 
ardized against a Buieau of Standaids thermometei 

‘We aie indebted to iMi Stanley C Lystei of our laboi itoiy foi the estiogenic 
assay data which are reported m this papei 






932 


TLSnClUiVU J-XTUACr I 


malcuiil (XXXI) (“oiitiimcd 810 mg 'Plic cl In 1 a( elate solution of material 
not o\tiactccl with dilute alUali (XXX) etmlained 1 3*1 gm 

The lattei fiaction ua^ subjected to .in evh.imtne sepaiation with 
Giiaid’s Reagent T, as desciibed by Ru/u Ua and Pielog (1) This separa- 
tion yielded (hiee siuees^^ne kelone liactiom of ')S8, S7, and 29 mg and a 
"non-ketone 3” liaetioii of 2 97 gm (XXXIIl) A veiy stiikmg Liebci- 
mann-Buiehaid icution w.is oblamcd when 8 mg C)f the latter fraction 
weie dissolved m 2 ml of ehloiofoim •iiid tieatid with 0 o ml ol acetic 
■inhydiide and 0 2.') ml of lomentiated sulfuiK and The upper layei 
became yellow-giei'ii, the iiiteipha-e was red-biown, and the lowei layer 
was tan A small, blight blue band 'isieiuled iiom tlie mteiphase into 
the uppei layei 

The tliice ketone tiactioiis wine pooh d togne li.iction XXXII of 722 
mg , w9nch was subjected to a touilh tie.itmimt with Cliraid’s Reagent T 
This yielded “non-ketones t’’ot 2.il mg .tiaction XXX\ ,.ind “ketoncsl” 
ol 30G mg , liaetion XXXIV 

The lemammg 9 gm aluiuot ot ti.u tion XXIX was subjectid to a similar 
sepaiation The dilute alkali-soluble tiution was pooled with fiactioii 
XXXI to gne .i combined dilute .ilk.ili-soluble liution (XL) weighing 
1 bl gm The exliaustno Giiaid sepaiation on the dilute alkah-insoliible 
mateiial g.uc a non-kotonie li.ietioii whuh was pooled with compaiable 
mateiial fiom the lust sepaiation to yield .i combined non-ketone fiaction 
(XLI) of 8 98 gm The ketone liulion (XLII) fiom this sepaiation 
wmighed 8o0 mg 

Fi.actions XL and XLI weie evimmeil by the Kahnt-Dois} assaj anil 
found to cont.iin estiogenic aitiMty eciunalent to 8 and l3o mg of cstionc, 
lespectively Ilowevei, the chemical piopeitics oi this estrogenic mateiial, 
as exhibited m the pieceding sepaialioiis, would seem to indicate th it it is 
neithei estuol noi estione At the piesent time we iie engaged m a lui- 
thei investigation of the estiogcnu iitnity m these two tiactions mil in 
fiaction XVII 

Stage E Cluomatogiaphn. Sipaiulion of Kitoiic Fiactioii'^ AAA/1 and 
XLII — These two ketone fiaitioiis Iiom Stage I) seiced is the stalling 
mateiial toi the isolation ol .■)-piegnen-.I(i3)-ol-20-one, commonly called 
piegnenolone Two typos ot aclsoi bents weie used in the chiomatogiaphic 
sepal ations, magnesium sihc.ite-C’ehte mixtuies and aluminum oxide ‘ 
Much shaipei sepai ations weie obtained with the toimei The technique 
of exhaustive elution wms emploved, and the lesulting column bands weie 

‘ Magnesium silicate No 34 w as obt lined from the Philiidelphia Quartz Conipanj , 
Berkeley South Gate, California Celite is an nnaljtical filtei aid made bj Johiis- 
Manville Th_p aluminum o\ide, SO to 200 mesh, was purchased from the Fisher 
Scientific Company 
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detennmcd on a weight basis Each band was charactenzed bj optical 
rotation and mtra-red spectroscopy® The infra-red spectrum of each 
column band was compared to that obtamed for sjmthetic pregnenolone' 
In this manner the location of pregnenolone could be convemently deter- 
mined during the e\tensi\e purification scheme on samples of 0 5 to 2 
mg Xon-crj'stallmo and semicrj stalhne fractions were examined as 
smears on the sodium chloride blocks and could be reco\ered by washmg 
with dry ether oi dry chloroform Crj'stallme fractions were exammed 
as Nujol mulls oi, is chloioform solutions Column bands which were 
practically pure pregnenolone, as evaluated b 3 the infra-ied spectroscopist, 
were pooled for subsequent crystalhzation Those which contamed 
pregnenolone absorption together with other types were pooled for re- 
chroniatographj’’ 

Fraction XXXIV, containing 396 mg of mixed ketones, was dissolved 
in 12 ml of benzene® and added to a column (15 X 2 cm ) of a mixture of 
5gm of magne-ium silicate plus 5 gm of Celite, which had been thoroughly 
washed with each of the 3e\eral sohents to be u-ecl m the chromatogram 
The results with this column aie pie«ented in Table IV Particular at- 
tention is called to Band C, which consisted of crystalline matenal eluted 
from the column by a mixture of benzene-ether (10 1) It weighed 16 9 
mg and had an [ajo" value of -i-31° Examination by infra-red mdicated a 
high peicentage of pregnenolone The long needles were washed with a 
small amomit of cold, absolute ether, lea%Tng 5 6 mg of matenal meltmg 
at 187-188° and shoiving no depression when melted with synthetic preg- 
nenolone To this fraction, contained m a taied, 15 ml graduated centn- 
fuge tube, weie added 12 5 mg of hydroxylamme hy drochlonde, 0 08 ml 
of distilled watei, and 0 05 ml of 10 per cent aqueous sodium hydroxide 
Absolute ethanol was added to make the volume to 0 5 ml This mixtiue 
was kept at its boiling point for 10 mmutes It became qmte cloudy when 
placed m an ice bath, and considerable crystalhne matenal separated 
upon standing The mother hquor was wnthdrawn after centnfugation, 
and the crystals were dned to a constant weight of 1 2 mg They' melted 
at 214-216° Xo depression was obsened when this matenal was melted 
with an oxime prepared undei identical conditions from 5 mg of synthetic 
pregnenolone 

* The authors are greatly indebted to Dr Foil \ Miller and Mrs Agatha R John- 
son, Division of Physical Chemistry, University of Rlinois, Urbana, for their able 
handling of the infra red spectroscopy which is reported in this paper 

■ The sample of sy nthetic pregnenolone was kindly furnished to us by Dr Percy L 
Julian and Dr J Wayne Cole of the Research Laboratories, The Glidden Company , 
Chicago, Rlinois 

® All solvents used in this investigation were dned and then distilled m an all- 
Pyrex apparatus and stored in glass stoppered Pyrex bottles 
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Band I), \\lHch u.i'i olulcd lioin tins ( oliuiiii nith la lueiu'-ctlin (t 1 
and 2 1), pos',c''^t'd an [wj?,® \alu(‘ ol \- IS" and \\ci}!;lud 1 5 3 ni}' Ciyital- 
luilion of (Ins li.ution tioin .ibsolulc nudlianol Mtldcd tuo ( loj)-! oi cij v 
talb wcif^lung 7 1 and 2 2 ing A llnid (‘lup of 3 o ing \\a^ obtained fium 
ibopiopanol, leaMiig a inutlnn iupioi ol 30 2 mg d'lu lattin now had an 
vaUic ol 4-23°, and (‘\lii))it/d i high coinenti ition ol piegnimolonc in 


T Ml M 1 \ 

Chi o/iiiiloijitiiii Ilf \iiitiiil Kilitnii fioin IIoij Tt'ilf, Lj’lnul 
blailmg invlLMiil, WO lug of friutioii \\\l\ , lul'^urlxiit , ') gin ut miigiadium 
siliMile j)lus 5 gm of Ctliti , (.oluinn, <h mu It r 2 i in , li ngth Ij i in , \olunu of ohntt 
pel fr iction, 20 ml , total k covers , 200 mg or 01 ju r ( ( iit 


Dc\ eloper 


Poll oleum cthei-bea/ciicj 
(I 1) 

Beiuene 

Ben/enc ether (10 1) 

“ (20 1 ) 

“ (10 1 ) 

“ (10 1 ) 

“ (I 1) 

“ (2 1 ) 

“ (2 3) 

Ethel 

Ether meth vnol (40 1) 

“ (20 1 ) 

" (2 1 ) 
jMethanol 



tcilumn banili 


m;: 


iStiftti 


Dcjcripliuii 


12 .h -Ml ± 21 Dark villow oil 


') o Ml 2 I Light ‘ 

1 

C i Itj 0 -f 11 i 1 ' C’olork-'b cr^-jlaK 
IJ J -MS ± 5 ' Civbt lb h oil 


3o 5 -p 10 i 1 

90 S -P9 ± 2 
2S S, -Mo ± 2 
II < 54 II -f 10 ± 2 
bS 8 -1-12 ± 1 


Light jellow oil 

Or mge oil 
yellow “ 

Oil 

lied brown oil 


Infra red 
indcr’ 


P P 

-p P P + 
-p P 


* -p5 = 100 pei cent piegnenolone 

t The ± eriors weie calculated from the standard eipi it ion for [aJo bj substitut 
ing for “average observed lotation” the mean dim ition from the me in of the netual 
obseived rotations foi each sample 


its infia-ied spectuim It ivas added to bimilai f tactions m a subsequent 
chiomatogiam The thiee ctops of ci 3 fbtals obtained pievtously w'eie now 
pooled, and the total ft action was found to have an [aj^* value of —15° 
(c == 0 34 in absolute methanol) Subsequent i eci ystalhzation from absolute 
methanol yielded 4 4 mg of coloiless platelets, melting at 256-258° and 
having the chemical composition of C 83 80, H 10 62 As yet, this material 
has not been identified 
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Fraction XLII, containing 850 mg of mixed ketones, Mas dissohed m 
20 ml of benzene and treated inth 20 ml of petroleum ether, causmg the 
reparation of a le'.mous piecipitate Ihe lattei \ias dissolved and reprecip- 
it itcd from 8 ml of petroleum ethei-benzene (1 1) The combined 
petroleum ethei-benzene solution (1 1) contained 757 mg This fraction 
lias added to i column (12 X 2 cm ) containing 40 gm of aluminum oxide, 
iihich had been washed with all the sohents to be u«ed in the chiomato- 
giam The soh cnt mixtures u*ed for de\ eloping the column were identical 
with those Used in the first chromitogiam Ihe fiist band, eluted mth 
petioleum ethei-benzene (1 1), contamed 259 2 mg and possessed an [a]^ 
ralue ot -}-29° Although the phjsical charictenstics of this mateiial 
were somewhat different from the crude fraction which was added to the 
column, extensile background absorption preiented defimtue character i- 
zation by mtia-red Howeier, there was a stiong possibility that this 
fraction consisted of less polar compounds which had not been retained 
on the column, peihaps due to the use of an inadequate adsorbent It is 
seen tint 497 S mg ot the starting material weie held on the adsorbent 
bub^equent deielopment led to a typical chiomatogram A band, which 
was eluted wnth benzene-ethei (4 1) and weighed 10 7 mg , was found to 
ha\e an [a]o° \alue of -f-29’ and exhibited a high concentration of preg- 
nenolone in the infia-ied 

A 252 mg ahquot of the first band fiom the abo\e column was dissohed 
in 16 ml of petroleum ether-benzene (1 1) and chromatographed over a 
mixture of 5 gm of magnesium sihcate plus 5 gm of Cehte, as m the first 
column 47 4 mg of crystallme material appeared in a band eluted mth 
benzene-ether (10 1), having an [a]^* \alue of -j-21 ± 1° This fraction, 
while contamed in a tared, 15 ml graduated centnfuge tube, was dissolved 
m 0 3 ml of boihng absolute methanol and allowed to crystalhze The 
colorless needles were washed with three 0 1 ml portions of cold ether to 
gn e 7 2 mg of crystals melting at 187-188° and showing no depression 
when melted with synthetic piegnenolone The mother hquors from the 
aboie crystalhzation, as well as seceral column bands from precedmg 
chromatograms which exhibited infra-red evidence for pregnenolone, were 
pooled and chromatographed repeatedly ovei mixtures of magnesium 
silicate-Cehte until all possible pregnenolone had been isolated 

A total of 20 9 mg of crystallme matenal was accumulated which had 
approximately the coriect meltmg pomt for piegnenolone Subsequent 
crystalhzation of this fraction from absolute methanol and finally from 
absolute acetone yielded 13 4 mg of ciystals meltmg at 186 5-187 5° and 
showing no depression when melted with synthetic pregnenolone This 
matenal was found to hai e an [a]|® xalue of -f 35 ± 4° (c = 0 25 m absolute 
methanol) Further proof of the identity of this natural product wnth 
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byuthetic piegiicnolouc uub foitrul by conipariboriT of the Debj^c-Schorrer 
\-iay powdei patteuiV-' (Fig 1) as noil as llio infia-iecl absoiptioii bpectni 
(Te\t-Fig 1) The iiifia-iocl cuivcs ^\elo obtained on samples of the 
ciystallinc compounds suspended as mulls m Xiijol \n> slight variation 
between the t\vo cuives can piobably be explained on the ba-'is ot the nuill 
of the natuial product being slightly les-, dense than that ot tlie synthetic 
sample Thus, a few of the weaker bands of the natural pioduet ate not 
seen There arc certarn points m these <ui\es, sruh as the twm Irairds in 
the “ketone legion” at KjSI iiid 1700 cm "k which aie piobably i elated to 



Ti-^xa-FiG 1 Iiilm-rcd apectru of o-prcgueii-JOi) ol-20 one C’ur\c ol9, iiiturvl 
product, Curve 630, sjiithctic product Perkin-Elmermfni-rodspectroiueter,No I2-B 

the crystal strircture of the compounds These modihcatioiis and others 
are discussed in a study of tire polymorphism ot pregnenolone by means of 
\-ray and mfia-ied spectroscopy, which is the subject ot a separate report 
In addition it w^as found that rnfia-ied spectra ot ehloiotoim solutions of 
the natural product and synthetic pregnenolone were absolutely supeiriu- 

■' The luthors wish to cxpieas their thauks toDi George I’lah of our Physics De- 
partment foi the prepaiatiou and interpretation of the \-ray data which are 
presented 

In preparing these plates, the drafting was done by Mr John HoSnian of our 
Mechanical Development Department, and the photographj w is h indled bj Mr 
Norman A Drake of oui Pliysics Department 
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posable Thus it can be said that the lesuJts with vray and infra-red, as 
reported here, prove not only the chemical identity but also the crjstal 
identity of the natural pioduct and sjmthetic pregnenolone 

SmiVLA.RY 

Hog testicular extract has been subjected to an extensn e isolation proce- 
dure in ordei to investigate the interielationship of steroid hormonal 
compounds \Jthough no adrenal cortical hormone actmty was detected, 
a fraction was obtained which could contain the so called inactiv'e adrenal 
steroids A signihcant amount of estrogemc activity was found Preg- 
nenolone (o-piegnen-3(i3)-oI-20'One) was isolated and identified 

BlBLrOGR-VPHX 

1 Selje, H , Ru Canad Biol , 1, 57S (1942) 

2 Kuizeagu, H , Wick, V X , Ingle, D J , Velson, J W , and Cartland G F , 

J Biol C/ic//i , 147, 561 (1943) 

3 Kahnt, L C , and Doisy, E \ , Endocrinology, 12, 760 (192S) 

4 Ruzicka, L , and Prelog, V , Uelv chim acta, 26, 975 (1943) 

5 Ingle, D J , Endocrinology, 34, 191 (1944) 

6 Cartland, G F , and Kuizenga, M H , Am J Phynol , 117, 67S (1936) 

7 Kuizenga, M H , m Moulton, F R , The chemistry and phv siologj of hormones, 

Washington, 57 (1945) 

S Corner, G « , and Mien, \\ M , 4w / Physiol , 88, 326 (1929) 

9 Korenchevskv , 1' Dennison, M , and Simpson, & L,Biochem J , 29, 2131 (1935) 

10 Prelog, 1 , Tagniann, E , Lieberman, S , and Ruzicka, L , ffeli chim acta, 30, 

lOSO (1947) 

11 Fussganger, R , Rfi mtd germano ibero americana, 8, 30 (1935) 

12 Dingemanse, E , Freud, J , and Laqueur, E , Nature, 136, 184 (1935) 

13 Koch, F C , Physiol Reu , 17, 153 (1937) 

14 Butenandt, \ , Wcstphal, U , and Cobler, H , Ber chem Ges , 67, 1611 (1934) 

fTXPLVX VTIOX OF PD-VTE 1 

Fig 1 X-raj powder patterns of 5-pregnen-3(/3) ol-20-one Sample 3b, natural 
product. Sample 47, sjaithetic product Picker \-raj diffraction unit, Debje-Scherrer 
camera, copper radiation, nickel filter, Kl'P-lS, iLA.-12 




THE JOURNAL OF BIOLOGICAL CHEMiSTRr VOL 174 


PLATE 1 









Haines JohosoD GooJivm and Kuizenga TesUcular eitract. I> 




TPIE UPTAI^E OF GLUCOSE BY THE ISOLATED DL\BHKAG]M 
OF NORMAL AND HYPOPHYSECTO^nZED KVTS* 

M E IvRVHL vnd G R P^RKt 

{From the Departments o] Pharmacology and Biological Chemistry, Washington Uni- 
icrsily School of Medicine, St Louis) 

(Received for publication, March 16, 1948) 

It was reported (1) that the he\olunase reaction, glucose + adenosine 
triphosphate —* gIucose-6-phosphate + adenosine diphosphate, in extracts 
of muscle from dubetic rats could be inhibited by adrenal cortical extract, 
while the hexolunase activity m extracts of normal muscle was inhibited by 
a combmation of anterior pituitaiy and adrenal cortical extracts The in- 
hibition was m both cases relieved by msulm 
In view of these findmgs, it became of mterest to determine the extent to 
which the hexokinase reaction in muscle is controlled by msulm, adrenal 
cortical, and pituitary secretions To this end, observations on the rate of 
glucose uptake by rat diaphragm were begun This rate should be a meas- 
ure of hexokinase activity m the muscle, smee the hexokinase reaction is 
presumably the mitial step m glucose utilization and is irreversible 
In the mitial series of experiments (2) it was found that the rate of glucose 
uptake by diaphragm from diabetic rats was depressed This inhibition, 
appearmg when msulm was lackmg, could be counteracted, m part, by addi- 
tion of msulm to the diaphragm tn vitro or by adrenalectomy Villee, Si- 
nex, and Solomon (3), usmg C'^-labeled glucose, ha\e reported that glucose 
use, glycogen deposition, and carbon dioxide production were decreased in 
diaphragms from diabetic rats and mcreased m diaphragms from adrenalec- 
toraized rats 

The present experiments were carried out to determine whether hexoki- 
nase activ ity was mcreased in diaphragms from rats lackmg pituitarj secre- 
tions and whether insulin w ould have any effect on the reaction under these 
circumstances 


Methods and Materials 

Animals — ^Young male rats from Anheuser-Busch, Inc (Strain AB), and 
Sprague-Dawley, Inc (Stram SD), weie used They were fed a diet of 
commercial dog biscuit described prei lously (2) 

Hypophysectomized Rats — The entire pituitarj was removed by the para- 

* This work was supported bj a research grant from Eh Lill> and Companj 
t Senior Research Fellow of the National Institute of Health, United States Public 
Health Service 
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HYFOPUYSEC'i’OMY AND QLUC031) UPTAKD 


phaiyngeiil appioaoli ‘ Ilypopliybcctomi/cd nits woio maintained on the 
stock diet and watei ad lihUam, and ucic wciglied twice weekly About 10 
pel cent of tlio hypophy'ieetomi/.ed animals ^vele rejected beiaiisc of con- 
tinued weight gam, peisistent te-ites, oi gio-ss pituittir^ lesidues 

Vt neciopsy, an evimmation fm hj popli^ si.il lemnants uas made The 
legioii aiound the ivound, the attaclied stalk, and tlie oMulying biain were 
fixed Seiial s^igittal section'^, whieh miludcd the entiu* wound and the 
stalk, were examined micioscopically - In in cfloit to detect lesidual an- 
teuoi pitiutaiy cells lu the wound, two t>pes of specific staining weie 
tiled a modified Malloiy’s ti icliiome -jtam following Bouin fixation (1), and 
an azocaimmo method following Zenkei luxation ^ No tiue anterior pitiii- 
taiy basophils oi acidophils were found There were, howevei, occasional 
small gioups ot glandulai cells aiound the tip ot the stalk oi chew here m the 
wound These cells weie consideied to be pius tube lalis on the basis of size 
of cells, the size, shape, and location ot the niii leus, and the ty tophisniic 
staining These icsiducs weie small, theie suliseiiuently inoved to be no 
coiielation between the picseiico oi absence of such icsulues and the glucose 
uptake of the diaphiagm ot the animal in (lucstion 
The aclienals w'cie weighed and then fixed foi histologiCtd examination 
In confiimation of Deane and Gieep (5) it was tound that udienals from 
h3q)ophysectomized animals exhibited specific regie-'Sion ot the f.isciciilar 
layer of the cortex At S to 12 days alter opeiation the thicluiess ot the 
fascicular zone was about one-half to two-thirds that ot the contiols, by 70 
days attei operation the atrophy had piogicssed to the jiomt wlieic the fas- 
cicular zone was so thin as to be baiely distinguishable 

Proceduie Jot Handling Diaphiagmi , — ^'riie diaphiagm wxis iemo\cd as 
soon as possible aftei death and immci&ed immediately m ice-cold Kiebs- 
Heuseleit solution, previously eciuihbiated with 95 pei cent 0x3 gen-5 per 
cent caibon dioxide, winch contained the s<ime concentiation of glucose as 
that subsequently to be used for measuiement of glucose uptake Each 
hemidiaphiagm ivas cut tiansveisely, yielding four pieces in all 

Each piece was blotted and transfeiied to the chilled medium contamecl 
m the small cylmdiical vessels previously used (2) 01 m 10 ml Eilenmeyer 
flasks The vessels containing medium and tissue were next attached to 
Waibuig manometeis by means of a lubbei slee\ e and cquihbiated w ith the 
gas phase (95 per cent oxygen-5 per cent caibon dioxide) A channel to 
allow escape of gas between the glass of the manometer tip and the rubbei 

1 The hypophysectomies were performed by the staff of the Hormone Assay Labo- 
ratories, Chicago 

• The authors are indebted to Mr Joseph Albrecht for technical assistance in the 
pieparation of slides 

’Fineity, J T , unpublished work 
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slee\ e can be maintained by means of a piece of ^\'lre hich is remo\ ed after 
the equilibration 

The vessels vere sluLen m a bath at 37'’ tor the desired peiiod, then le- 
mo\ed, stoppered, and chilled m ice water samples foi deteimmation of 
residual glucose were remoied and analyzed as previous]} described (2) 
Fmallj’-, the pieces of dnphragm weie blotted and w'eighed on a torsion 
balance 

Prelmimarj’^ experiments showed that the rate of glucose utilization by 
normal diaphragm decreased rapidly durmg 2 hours mcubation These 
initial experiments also mcjicated that the magmtude of the stimulation of 
glucose uptake produced by 1 unit pei ml of insulm was greater at a 5 to 6 
cm amplitude of shakmg than at a 2 cm amplitude, presumably because 
of the better access of insulm to mdimdual muscle fibers under conditions 
of greater agitation It is now beliei ed that this is the explanation for the 
fact that the percentage stunulation by insulm reported m a premous paper 
(2), though statistically significant, was smaller than the degrees of stimu- 
lation prenouslj noted by GemmiU and Hamman (6) and by Stadie (7) 
Even under these improved conchtions, it seems probable that msuhn added 
to the medium cannot exert its full effect owmg to pool penetration mto 
the central part of the diaphragm 

In view of these considerations, the rates of glucose uptake by dia- 
phragms from normal and from hypophj'sectomized rats were compared 
under two sets of conditions In Series I the conditions were exactly the 
same as those used for the previous study (2) and permitted a direct com- 
parison of these w ith pre\ lous data The mitial glucose concentration of 
the medium was 100 mg per cent, the shakmg rate 96 cycles per mmute at 
2 cm amplitude, and the time of mcubation 2 horns In Senes II the 
initial glucO'e concentration was mcreased to 140 mg per cent, insulm 
concentrations of 0, 10~®, lO"^, and 1 umt pei ml were employed, the 
shakmg rate w as 96 cycles per mmute at 5 cm amphtude, and the time of 
mcubation w as reduced to 1 hour 

Other manipulations and calculations were earned out as previously 
described (2) To minimize contammation of control samples with traces 
of msuhn, all glassware and instruments weie washed m hot soap or deter- 
gent solutions and then dried overnight at 160° before each experiment 

Results 

All rates of glucose utilization are expressed as mg per gm of wet dia- 
phragm per hour 

The results will be considered under three headmgs (a) rate of glucose 
uptake by diaphragms from normal and hjTiophysectomized rats m absence 
of added insulin, (6) concentiation of insulin required to produce stimulation 
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of glucjobc uptake lu diapliragins fiom iiotinal and h>pophy^ectoini/('d i.db, 
and (c) iclativc icbponse of diuplu igms fiom noiinal and Ii\p()i)li\^ccto- 
mued latb to optimuiu contcntiatioiib ot insulin 


Tuiih I 

Olucoso U plakt by Dtaphrayms from Vormiil (iiiU Jioin II ypiiphy'.irtomizcd Ilat'^ 
Series r, iiutiid glucose coiiceiitrutioii, 100 mg pt r titU, - linurs iiuubiitiou, 
insulin concentrution, 1 unit per ml popli>sect()mi/( d nnimilsucrc fasted G 
hours prior to use, nornml luiiimils 18 to ‘22 hours 


Rat No 

Da>s after opcnlion 

1 

1 

2 

2 

4 

3 

7 

1 

It) 

5 

12 

G 

11 

7 

16 

8 

16 

9 

17 

10 

17 

11 

18 

12 

18 

13 

19 

11 

19 

15 

21 

16 

25 

17 

25 

18 

31 


Moan for Rats 1-18 (10 or 
more days after operation) 
Mean for 13 eontrol rats run 
parallel to hypophysocto- 
mized series 


(tiuense upukc, m„ per hOi 

\ct li me per hr 

In stuco c 

In kIik-ojc + insulin 

- 

~~ - — 

1 7 

2 1 

1 •) 

2 1 

1 7 

2 () 

3 0 

2 0 

1 3 1 

] 1 

2 3 

3 1 

2 5 

1 6 

2 1 

> 3 

3 1 

3 9 

2 3 

3 8 

2 3 

1 0 

2 9 

1 7 

2 5 

5 1 

2 1 

1 1 

2 5 

2 8 

2 $ 

i b 

2 3 

2 9 

2 3 

3 7 

2 5 ± 0 OS* 

3 3 ± 0 13 

1 6 ± 0 06 

2 3 ± 0 15 


Test for significance of stimulation bj insulin, h\ pophj scctoinired senes, P = 
<0 001, control series, P = <0 001 

Test foi signific incc of difTcrence belnccn In pophj scctoinizcd ind norm d scats, 
no insulin, P = <0 001, nitli insulin, P = <0 001 
* Standard error 


Glucose Uplakc without Added fnsulin — In Seiics 1 and II the a^elage 
mci eases m glucose uptake following liypophysectoiu}" weie 5b and 59 pei 
cent lespectively As shown m Tables I and II, these iiit leases weic sta- 
tistically significant 
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DAYS AFTER HYPOPHYSECTOMY 

Fig 1 The glucose uptake «nthout added insulin of diaphragms from rats at 
various times after h 3 'poph>sectomy compared on a percentage basis to the average 
uptake of diaphragms from normal rats 

Table II 

(jlucose Uptake by Diaphragms from Normal and from Hypophysectomtzed Rats 


Series II, initial glucose concentration, 140 mg per cent, 1 hour incubation All 
animals were fasted 18 to 23 hours prior to use 


] 

Kat No 

Da>s after 
opentioa 

Glucoie upi:LL.e 

per gm wet tissue per hr at following concentrations of 
(in units per mL) 

« 1 

1 i<»-‘ 1 

1 10“* 

1 

1 

8 

3 3 

2 5 ' 

3 4 

3 7 

2 

22 

4 7 

4 3 

4 4 

6 2 

3 

22 

5 9 

5 0 

6 0 

6 4 

4 

23 

4 4 

4 0 

1 

5 6 

5 

23 

5 3 

4 6 

16 9 


6 

24 

3 5 

2 7 

i 4 4 

5 0 

7 

24 

4 1 

4 8 1 

1 ^ 

5 6 

8 

44 

4 0 

4 4 

50 

6 0 

9 

44 

4 6 

4 9 

! 7 1 

6 6 

10 1 

44 

3 0 

2 4 

1 4 1 

5 7 

11 

69 

4 2 

4 1 

5 7 

4 9 

Mean 

1 

1 

1 

4 3 ± 0 26* 1 

4 0 ± 0 29 

5 2 ± 0 39 

5 6 ± 0 27 

Mean for9 con- 

2 7 ± 0 19 

3 2 ± 0 28 

3 9 ± 0 35 

4 5 i 0 2S 

trols run 

1 


1 


parallel to 

1 


1 


hypophy- 

1 




sectomized 





aenes 






Test for significance of stimulation bj insulin Hypophjsectomized series, at 
10~*, none, at 10”^, P = 0 07, at 1 umt per ml , P = 0 003 Control series, at 10"‘, 
none, at 10“*, P = o 009, at 1 umt per ml , P = <0 001 

Test for sigmficance of difference between hypophysectormzed and normal senes, 
no insulin, P = <0 001 , at 1 unit of insulin per ml , P = 0 01 
* Standard error 









<)4^ ll’iPOl'Iilbl CnOM\ AND GLUCOSn UI'TVICn 

The o\oi-aU tieiid ot ehango lu glucobe uptake lelative to the controls 
o\oi a pel 10(1 of I months aftei hypoph 3 '^scctomy is ^ho\sn in Tig 1 The 
(lata suggest that an inciea''Od uptake of glucose by diaphuigm did not 
hiHOine cleaily established until some 10 days aftci hj pophy'-et tomy Vt 
this time a distini t atioidu- of the adunials was d( moiistiable In the last 
gioup of (deven lats tested 85 to ll‘) days postopeiatnelj', the aveiage in- 
iiease in glueosi' uptake was also slight and not st Uislit dlj sigmfitant 
Conccntiatiun oj fubului Rcqutud — With diuphi. ignis fiom noimal lats, 
10“^ unit pel ml of iiisulm pioduced a maiginal, though not signiluant, 
stimulation ot ghuose uptake, and 10~* oi 1 unit iki ml jnodiued a sig- 
mhcant stimulation (Table II) The maiginal i onieiitiatioiis aie in igiec- 
meut W'lth the ciitical coiKentiatioiis lepoileil b^ otliins (0, S) 

With diaphiagnis fiom h^ poplusei tomi/i d -inimals, on the othci liaiul, 
10“’ unit pel ml inodiu ed no stimulation, and 10 ‘unit jiei ml pioilnceil 
in a lew animals i slight stimulation whu h was not statistii all\ signilnaiit 
foi the a\ciage ot the senes The stimulation b^ I unit pel ml w is statis- 
tically sigmlicaiit, although theie weie a lew (\peiiments ni whuli the 
stimulation was small oi absent (Table 11) 

EjJcU of Ophminn Coiuoihalion of — The ibsolute stimulations 

obtained with high conientiatioiis ot insulin wi u* not staiisticallv dilleicnt 
in noimal and hjpoplnsettomi/ed animals (Tabl(>s 1 and ID 

The diftcicnce in dcgice ot insulm stimulation between tin ii suits of 
Table I and Table II is asciibed pi mi ip ilh to the dineieiice m tune ot uilu- 
bation and in degiee ot agitation ot the s miples Statistical aiiah sis shows 
that insulm stimulation at 1 unit pei ml w is signitu int m both i iscs 

Disc I ssiON 

The piesent e\i)eiiments show that isolated skeletal muscle fiom lu- 
pophj'^sectomizecl lats uses glucose at a higlici lato th in noimal This is in 
agieemcnt w'lth pievious obsenatioiis on intact and on evisceiated hy- 
pophj'sectomized lats (9-11) That insulin still incieases the glucose up- 
take of the diaphiagm of hypophj'-sectomized lats is m harmony with the 
fact that injection of insulin causes h^ poglj cemia in such anmials 
Accoulmg to the data of Table II, the diaphiagm fiom a hypophysecto- 
mized lat, unlike the wdiole annual, is not hypei sensitive to low concentia- 
tions of insulm This suggests that the hjpeisensituit}'- of the fasted 
hypophysectomized animal is the lesult of i piecaiious balance between 
deci eased glucose supply (because of diminished gh'cogen leseices and 
limited gluconeogenesis) and incieased glucose use A small amount of 
insulm, which produces a lelativelj’’ small inciease in glucose uptake in 
eithei noimal oi hypophysectomized lats, may thus piecipitate a fatal 
hypoglycemia m the lattei animals 
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Since insulin still produces an mcreate m glucose uptake m diaphragms 
lemoved 10 to 119 dajs after h;>'pophysectomy, it is evident that the hexo- 
kinase of muscle is not tully actue, e\ea m the absence of pituitary secre- 
tions The coiirce of this non-pitmtarj inhibition remains to be defined, it 
niaj i\ ell reside in the structural relationship ot hevokmase to other cellular 
constituents, it niaj aho be dependent on factors comejed to muscle from 
tis'Ues other th m pituitarj 

One ot the rei^ons for iiorking inth die isolated diaphragm is to deter- 
mine the acti\it\ of the hexokmase sj&tera in a muscle vnth intact cell 
structure The re'-ult'> ^o fu obtained show that the diaphragm from a 
normal rit has i rate ot gluco-e uptake con expending to about 50 per cent 
of the maximum hc\okini-'e utnitj'’ of that muscle, the correspondmg 
1 alues for di iphr igm ti oni di ibetu md h\-])opln sectomized rats aie about 
25 and 75 per cent, it'pcitiieh \ considerable put of the hexokinase 
actmty of muscle is tluicfoie undci hoimonil control 

The authora wash to tli mk Di ( ail F Con for his adiace and encourage- 
ment during the course of thn iniestigation 

1 The glucosc uptake of diaphragms fioni iionnal and hj-pophj'secto- 
mized rats has been mci«ured The influence of msulin has also been 
detenmned, both on noinial diaphragms and on diaphragms taken from 
rats from 2 to 119 da^'^ after Inpoplnsectomc 

2 Diaphragms taken fiom hiTiophc -ectomized rats dunng the period 
from 10 to 70 days after operation had rates of glucose uptake w hich were, 
on the average, about 60 per cent higher than normal At less than 10 daj s 

jor^more than 80 days after operation, the chfferenee m rates between the 
hj boph 3 'sectomized and the normal groups was less marked 

3 On diaphiagms from normal rats, 10~' umt per ml of insulin produced 
a significant stimulation of glucose uptake and 10“= umt per ml produced 
a margmal stimulation On chaphragms from hjTiophj'sectomized rats 
neither of these concentrations produced a significant stimulation, while 
the nexi; higher concentration tested, 1 umt per ml , produced a significant 
increase of glucose uptake m the majontx of the cases For a few dia- 
phragms from hypophj sectomized rats m which the rate without insuhn 
was extremelj’’ high, the stimulation bj' insuhn w as small or absent 

4 The relation of these findings on isolated muscle to those prenouslj 
observ ed on the mtact animal is discussed 

* In this comparison the maximum rate oi hexoLinase actmt} la the diaphragm u 
the value obtained when insulin is added to a diaphragm taken from a hj-pophysecto 
mixed ammal 10 to 70 dajs after operation 
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\. MICRO VOLCMEIRIC VAX &L\T:vE BLOOD G\S APPARATUS* 
B-k VRTIILR H \VH1TELE\ f 

(t roin the Physiological Laboratory, Princeton L nnersity, Princeton) 
(Rccci\e(l for publication, fctpteniber 2, 1947) 

For an analysis of the iemo% al of dissoh ed Xj from the blood and tissues 
ot cats (1, 2) a contenient and accurate method for the determmation of 
the X; concentration m small amounts of blood t\as needed The ingen- 
ious syringe miciomethod of Eduards, Scholander, and Roughton (3) 
lacked sufficient sensitnitj foi part of the studj, and it uas desirable to 
have a method requiring less dcvteritj when large numbers of deter- 
minations u ere to be made A micro \ ersion of the volumetric Van Slj ke 
apparatus u as de\ ised m u hich 0 100 ml samples of blood could be ana- 
lyzed unth an accuracj of about 0 002 \ olume per cent This paper de- 
scribes this instrument and the procedure for its use 

Principle and Design 

In pnnciple the method is that of the macrovolumetnc '\’'an Slyke pro- 
cedure, the vacuum extraction of gases from a knoivn volume of the fluid 
being analyzed, followed bj differential absorption of the gases The 
\ olume of extracted gas is read at atmospheric pressure 

The design of the instrument* is shown in Figs 1 to 4 The lower limit 
for the bore of the capillary burette (Fig 1, A, a), used for measunng the 
% olume of the gas bubble extracted fiom the sample, is set by the facihty 
with which reagents may be drawn through it 0 25 mm is a convenient 
diameter TJnifomuty of bore- is determined by measunng (to 0 05 mm ) 
the length of a short thread of mercury at vanous positions along the length 
of the capillary, the capillary is calibrated by measunng the length of a 
long thread of mercury contained in it, and then de' .rminmg the volume of 
the mercury from its weight It is necessarj’^ t ,,t the walls of the capil- 
lary with water before fillmg it wath mercury, inasmuch as, in an actual 

* This work has been carried out under a con'ract recommended b> the Committee 
on Medical Research between the Office of Sc ntific Research and Development and 
Princeton Umversitj 

t Present address, Department of /oologj , Universitv of Atashington, Seattle, 
Washington 

* The glass blow ing w as done bj Mr L“'gh Harris, Department of Phj sics, Prince- 
ton Umversitj, and the machine work bj Xlr Russell Mjeock, Department of Bi- 
ologj , Princeton Umversitj 

'The capillarj used m the present instrument was selected from stock bj the 
Coming Glass Works 
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deteimmatioii ol gab volumo, theie will be a thin film ot watci hopaiatmg the 
bubble horn the ghibb 

The uppci cud of the bmette, giound flat, piotiudcb above the water 
jacket and caiucb a glu^'b cup (h) ol 4 oi ml tapaiity The tup htb 
bimgly ov^ei the end ol the tapillai> and is held in plate by stoii-tock gieabo 
melted and allowed to (low uniloimly between the glass suifates The total 
capacity ol the inbtiument to i, i'’ig 1, *1, is 0 1000 ml This pipette is 
used in meabUiing the sample ot fluid to be analy/ed The boic ot the en- 
laigemcnt should not be much gieatei than 1 o mm and the point of its 
attachment to the eapillaiy buiette bhould be smooth and giadually taper- 
ing A giadual tapei is advant igeous at the lowei end of this enlaigement 
albo The pipette is t dibiated, agon alt(*i wetting its walls, by w'eighiiig 
itb capacity ol meicuiy 

The volume tiom (he top ot the instiument to the line d is about 0 2 ml 
Lines 0 and d aie etdied into the glass with hjdiofluoiic add, sciatchuig 
them with a duimond pencil we dvens th<' gl iss to the extent that it is veiy 
likely to bleak dining oiioiation 

The volume ot the extiaction chambei, < , is not ciitiCiil, in the picsent m- 
stiument it is 8 ml 

The btop-cock, /, Is aCoiningP>ie\,btandaid tapei stop-cock (catalogue 
No 7150, 2mm boie), legiound occasionally with a veiv line gunding com- 
pound A piecibion-giouiul stop-coik, with a Luge di unetei in oidei to 
sepal ate the openings liy a gieatei distance, would be pietciable, howevei 
The stop-cock must be caietully giound and gieaseiP to iiisiue it agunst 
leaking The aim, (j, is bent to extend thiough the aluminum mounting 
panel To it is attached a tiap and to this, m turn, a good aspiuitoi The 
aim leading to the Shohl tiap must be bent downw ud as close to the body 
of the stop-cock as possible so th it no pocket lemams m the uppei pait ol 
the bend that might tiap bubbles ot gas 

The Shohl tiap and meiciuy lev^eling bulb aie standaid To av oicl stiaiu- 
mg the glass the weight of the meiciu 3 ’’-fillecl lubbei tube should be borne 
by a suitable clamp on the table oi othei siippoi t 

The uppei end of the instiument caimot be closed by means of a stop- 
cock because ot the chfhculty of accuiately cahbiating its boie, the possi- 
bility ot small leaks, and the piobabihty of losing pait of the unlaiowu fluid 
in the iiiegulai devices In place ot a stop-cock the device shown in 
Fig 1, A, i, and Fig 1, B selves adequately It consists essentially of a 
rubbei seal seated ovei the capillary opening by a machine thiead aiiange- 
ment 

’ The best grease of several tested is the old formula Lubriseal, a bnck-red giease 
of heavy consistency sold by the Arthur II Thomas Company 



V II -imiTELEY 


949 


BRASS 




a 


RUBBER 




CAPILLARY 

SEALER 

GLASS CUP 




a CAPILLARY BURET 
0 25 mm BORE 


hV/ATER JACKET 


15mm SORE 


0 5 mm BORE 

c VOLUME TO MARK 
0 1000 ml 

I 5 mm BORE 


d VOLUME TO MARK 
0 2 ml 

e EXTRACTION 
CHAMBER 


f STOPCOCK 


g VENTING 
TUBE 


Fig 1 drawing and B, photograph of apparatus 



With the mu 101 coiiocUy placed, one can ^ 
hau piojetted onto the magniliecl \ie\\ ol thi 
in Fig 2, C 

Thib whole assembly ib monntccl on a hi 
each element ib acljubtable Albo earned oi: 
niei, leading to 0 05 mm The aim ib iig 
pait ot a lack and pinion fiom a diM aided n 
Thib, m tuin, ib c allied by mcaiib ot a bia 
mounted veitically on the aluminum pane! 
block IS held m position and pi evented tiom 
lod by a set sciew that hts into a channel 
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jUar> burette ind m sutJi a po'>itWD that the \ermer is juxtaposed to the 
bcale along ito entire length The zeio mark of the scale i5 at the bottom 
By means of this aaserablj it lo a simple matter to repeat measurements 
to 0 05 mm aiijm here along a Imeai distance of 20 cm 
The mstniment and mcaaunng dec ice aie carefully mounted on a 3/16 
mch alimimiun panel, cushioned at the pomts of contact by rubber \ 
rect mgular area is cut out of the panel behind the capillary burette and 
extraction chamber to permit illumination of the appaiatus by transmitted 
light The coke that caines the seal for the uppei end of the capiUarj' is 
held m place on the panel by means of a set screcc so that it may be con- 
cementlj remoced 

To lessen strain, the apparatus is shaken dming an extiaction by sccang- 
ing the panel tlirough a short arc m the tashion ot a door, rather than by 
rockmg the top force ard and backccard as is customaiy cvith the macro 
Van Slyke apparatus The panel is picoted thioiigh a distance of 1 or 1~ 
inches at a rate of about 230 cjcles a mmute 
The extraction chamber and pipette are illummated from behmd bj 
either a fluorescent bulb or an incandescent one In the latter case the bulb 
must be some distance in back of the apparatus m older not to heat it, and 
ecen then a heat-absoibmg glass faltei such as Solev‘ is desirable 
In the determination of dissolced Xj m blood, the analysis foi cchich the 
instrument ccas originally designed, a number of solutions and accessorj-- 
dec ices are lecpuied Smee, for the most pait, these decnces oi modifica' 
tions of them ccould also be needed foi any othei deteimmation for uhich 
the instrument might be used, they are desenbed here 
A gas-free solution of sodium hjdrosulfite and sodium anthraqumone-/^- 
siilfonate in KOH (15 gm of a 10 1 mixture of the salts m 50 ml of 1 x 
IxOH) lb requiied foi the absoiption of 0. and CO., as m the standard 
maeromethod (4) The solution is degassed by shakmg approximately 
20 ml of it m the extraction chamber of a standard manometnc Van Sljke 
apparatus or similar decuce The simplest and most effectic e method is to 
connect a good cvatei aspirator enth the extraction chamber through the 
exit tube at the top, aftei ec acuating the extraction chamber m the usual 
fashion ccith the nierciu-j lecehng bulb Vbout 10 mmutes ot cigorous 
shaking mil degas the solution more effectic ely than mil a Lirge numbei of 
repeated extractions 

Once degassed, this solution is stoied anaerobically m a 10 ml hyqioder- 
mic synnge lubneated thoroughly cvith glycerol The syrmge is filled from 
the side tube at the top of the extraction chamber through a short length 
of rubber tubmg 

To transfer the solution anaerobically to the extraction chamber of the 
* Obtained from the Pittsburgh Glass Company , Philadelphia 
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micio Van Slykc appaiatus im adiiptei siiniliir to that shown m Fig 3 13 
attached to the syiingc (ncithcn the pieee of '^teel tube cemented m the 
needle boeket noi the bend m the needle bhaft is needed loi this adapter) 
Solution lb tiaiibfeiied fiom the byiinge to the apparatus by holding the 
gasket of the adaptei liiinly to the uppei end of the capillary buiette, open- 
ing the lowci stop-coek (with the meicuiy lo\ cling bulb in the lowei posi- 
tion), and expelling the fluid fioni the synnge Solutioiib stored in a syringe 
in this fashion will be niamtained in a gas-fice condition foi a \eiy long time 
if the tip of the needle is kept iiniiieiacd 111 mciciuy while not being used 
The only othei icagcnt iciiuiicd foi N; detcinimationb is tapiyhc alcohol, 
to pievcnt foaming of the blood This is earned in a 1 ml synnge fitted 



Fig 3 Ilj’poclerinic needle 'id'iplci foi Ir insfcrring blood iin'icrobiciillj from the 
collecting sjuiige to the apparatus 

With a hypodcimic needle adaptei The alcohol I'l not degassed puoi to an 
analysis 

A thud 5 ml syungc foi mcicuiy is fitted with eithei a legulai h>podei- 
mic needle 01 a glass pipette tip attached wath lubbci tubing 

Piocedwe fo) iVj 

Foi non-piotem fluids wdiich do not foim a gummy coagulum with the 
leagents, no moie than 10 minutes aie lequiied foi a cletei mination About 
15 minutes aie needed foi blood because of the gieatei difficulty in cleaning 
the appaiatus 

1 The clean appaiatus is hlled with meicuiy fiom the leveling bulb, and 
a good vacuum is established in the side aim of the 3-w’ay stop-cock (Fig 

1 , 9) 

2 About 0 15 ml of distilled watei is diawm into the chambei fiom the 
cup, follow'’ed by merciuy to displace the watei fiom the pipette at least 
as fai as the 0 1 ml maik 
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3 The seal is screwed firmly in place to close the capillary burette, and 
the extraction chamber is evacuated by means of the levehng bulb A 
small amount of mercury is left m the chamber to aid m agitating the water 
durmg the subsequent extraction 

4 The water is extracted with vigorous shakmg for a mmute 

5 The shaker is stopped, the levehng bulb lowered further than was re- 
quired to evacuate the chamber m step (3), and the 3-way cock turned to 
connect the chamber with the levehng bulb The gas-free water will be 
carried down mto the stop-cock and the upper arm of the Shohl trap, dis- 
lodgmg any tmy bubbles of gas that may have been trapped there This 
step IS essential 

6 ^Mercury is readmitted mto the chamber and 'the extracted gas and 
water are ejected 

7 A httle more than 0 2 ml of the alkahne hydrosulfite solution is run 
mto the pipette from the storage syrmge There should be some water m 
the cup durmg this operation 

8 About a cm of capryhc alcohol is run mto the capiUary burette 

9 Mercury is added to the upper cup and slowly drawn mto the appara- 
tus to clear the capillary and pipette of reagents at least as far as the 0 1 
ml mark It is essential for this step that the design and dimensions of the 
pipette be as specified earher, otherwise the mercury will round up and drop 
freely through the enlarged part without cleanng the hydrosulfite from the 
pipette If the pipette is correctly made, the mercury will expand com- 
pletely mto the enlaigement, forcmg the hydrosulfite ahead of it 

10 The capillaiy is sealed and the chamber evacuated by the levehng 
bulb If gas has not appeared m the chamber by the time the levehng bulb 
has reached the appropnate lei el, a light tap dehvered to the top of the 
capillary seal will cause the mercury column to “bieak” duectly under the 
seal, cleanng the pipette of mercury and hydrosulfite 

11 Extraction is effected by shakmg for 2 mmutes 1 minute is ade- 
quate, but 2 mmutes are used for safety 

12 Mercury is readmitted to the chamber smoothly until the small 
bubble is m the capillary The levehng bulb is held a cm or two above 
the level of mercurj^ m the chamber, the capiUary is opened, and the bubble 
expelled from the apparatus along with hydrosulfite until the volume re- 
maimng m the apparatus is just 0 2 ml 

13 Step (9) IS repeated 

14 The sample to be analyzed is admitted anaerobically to the pipette 
from the collectmg syrmge to the 0 1000 ml mark by means of a needle 
adapter fitted mth a rubber gasket, as with the hydrosulfite 

15 Steps (9), (10), and (11) are repeated O 2 and COj extracted from 
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the blood aio tib^oibcd by tlie alkiduie liydro-^ulhfc, and N^, CO,^ and tho 
meifc gases aie e\liaotcd ncailjy completely into the fiee gus 'ipaee 

IG Meicuiy is laielully leadmiLted to tho e\tuu‘Lion chambei from the 
leveling bulb until the liquid has iisen into the capillaiy buiotte about 1 
01 2 em The stop-ioek is thw'd .ind the stoppei sealing the i ipilhuy is 
opened, letting clem watei liom the nip down into the (upilhuy on top of 
the extiaetcd gas By i aieful inanipul ition ot the stop-ioi k and tho Ioa cl- 
ing bulb, a .small uniouni of watei is diawn thioiigh the binette to wash it 
Duiiiig this, the bubble of N> is diaun into the pipette enlaigenient Care 
should be taken to luoid bieakmg the bubble into ''inallei ones beeaiise it 
IS sometimes dithcult to make the-'e « oalesce, Cspei lally in piotein boIu- 
tions It this docs oeeiii , the bubble's may be c iiiscd to e o lle•^( e by loicing 
them up into the capillaiy, oi in any e\ent by ehawing a eho])let ot eapryhc 
aleoluil elowni on top ol them Wa-'liing can only lie done with lelatuely 
niboluble gases such as Nj anel men then e\cesBi\e washing should be 
a\ oideel 

17 The bubble is luu up into the capillaiy bin cite to a con\cnient level 
toi leading The uppei limit ol the gas column slioiild .ilways be brought 
to appioximately the same level 

IS The length ot tlie eeilumn is me'asuicel by u'aelmg, in (piiek succc'siou, 
the scale settings with the cio'-s-luu it the (op and bottom ol the column 
Foi miximum aecuiacy sevcial me iMiiement'^ iie avciaged, being lead 
ilteiiiately tiom the top to boltom and tiom bottom to top ol the column 
Readings on a bubble mav Ciisily be lepe ited to 0 Oj mm 

19 The baiometiic piesBiiie and the tempeiatuie of the w itei j uket at 
the tune of measinement aic lead 

20 The instillment IS cleaned foi the next inalv-.is Solutions such 'is 
watei, which foim no pieeipit ite with the hy diOBiiUite, aie simply' ejected 
thiough the capillaiy’’ and cluiwn oft tiom the cup by' i suction tube The 
appaiatus is then leady foi the next analysis Steps (2) thiough (b) aie 
omitted AVith pi oteinaceous fluids, how evei , a gummy' piecipit ite“ forms 
which cannot be passed thiough the capillaiy' The meicuiy' m the extiae- 
tion chambei is lun into the leveling bulb, and as the last ot it teaches the 
stop-cock the cock is tinned to connect the chambei w ith the clean-out side 
aim (Fig 1, .4, (j) The contents of tho chambei aie sucked thiough it into 
the tiap in the vacuum line, and tho appaiatus is cleaned by' sucking hist a 
deteigent^ and hnally distilled watei thiough it Aftei iinsing, the stop- 

^ If CO 13 present in signifacant amounts, it is incisured and corrected for b> ab- 
sorbing it with Winkloi’s reagent (4) 

“ The formation of this precipitate is markedly reduced if potassium hjdio\ide is 
used in preparing the hydrosulfite solution rather than sodium hydroxide 

’’ The neutral detergent Diene, diluted 50 per cent w ith m ater, is \cry satisfactory. 
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cock lb closed and a \acuiun leestablished m the clean-out side arm By 
maintaining a ^ acuum in this aim the d inger of air leaking from it into the 
cxtiaction chamber during an anal 3 ’'aib is eliminated 

Calculalio>if > — Concentration of X; is calcul ited fiom the foUoinng eciua- 
tion 


Volumes 


Iciifatb of t ,a3 coluiiiii lu mm X a X b X 100 
100 microliters 


100 microliters is the \ olunie ot the fluid analyzed a, the number of 
nucrohteis pel ml of capiUarj, is the cahbration factoi of the capillary 
burette The factor b corrects the \ olume of moist gas at room temperature 
and pressure to the \ olume of drj' ga-> at standard conditions (detemuned 
fiom Table 15, p 129, of the te\'t of Peters and Van Slyke (4)) Howeier, 
there are tiso corrections ishich must be made to the apparent barometnc 
pressure m order to determme the actual gas pressure inside the gas column 
One of these lesults from the hydrostatic pressure of the column of water m 
the capillary aboi e the gas bubble, equal to the length of the col umn of 
uater di\uded b}’’ the density of mercuiy, 13 5 This pressure is added to 
the barometnc pressure The second correction results fiom the mwardly 
du-ected pressure due to surface tension at the two menisci of the gas 
column In a capillary of small diameter this may become\ ery appreciable 
Its magnitude may be calculated from the relation, p = 2 y/r X 7 501 X 
10“*, where p is the pressure, m mm of mercury, inthm a gas bubble of 
radius of curvature r cm , m a hquid whose surface tension at the gas-hqmd 
surface is y The constant converts dynes per sq cm to mm of mercury 
This 1 elation is apphcable to the present calculation because, to a first ap- 
proximation, the radius of cunatme of a meniscus m a capillary of small 
diameter, and ivhen the contact angle is zero, is the same as the radius of the 
capillary The two memsci are, then, hemisphercb, and together constitute 
a sphere The hquid is assumed to be pure water, though undoubtedly 
some surface tension-Iowenng impunties are present In the present m- 
strument this correction amounts to 7 4 mm of mercuiy, which must also 
be added to the barometnc pressure 

The c correction of Peters and Van Sb^ke, used to make allowance for the 
gas imextracted fiom the hquid phase when equdibnum has been reached, 
IS neghgible (0 Ob pei cent) m the present instiument for the determination 
of X 2 , because of the much larger ratio of volume of the flmd phase to vol- 
ume of the extraction chamber m the micro instrument than m the macro- 
manometnc apparatus 

Reabsorption of gas durmg the process of reestabhshmg atmosphenc 
pressure after extraction and durmg the tune required to read the gas vol- 
ume IS neghgible m this instrument, as in the macrovolumetnc instrument, 
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MICHOVOLb^Ua’UI<’ GAS Vi'PAHArUS 


jfthcgasi^Nn Kopciilocl wii'ihingof t!u* e\tM( t(’{l N^laihblc withdbtilled 
watci docs not appicciablj altei its \oIiimc 
Anotlioi Mnull coiiei lion ic^ults liorn the licinis[)hcncal luituic of the 
meniscus at the ends ot the gas cihiuhi Jn mea'.unng the length of the 
bubble the cioss-han i') ^et at the bfittom of the meniii Ut, the fa( t that the 
meniscus h cui\cd being neglec (cd The t not is t on^tant toi all meaMiio- 
ments ami, it ot siifluient mignitude, the \olume ot g I'l a^ mea-iUied tan 
be couected ioi it btdoie icdming it to the \olume at ^tandaid condition^ 
In the pie^'Cnt iiistiument it I-, ot appio\imalel\ tlu ' urn m igniliide a^ the 
o\ei-all eiioi ol the method 

Scii'^ilivilij and [(uoadjof Mtlliod - I’lit limit ot -^t n-^itu ilj ot the piC'Ciit 
insti ument Is 0 0027 muiolitti oi 120 X 10 moh of ga" 'rhi> ( oiiC'^- 

1 Mllh 1 

DlIii inuiatton oj iJis'iohid \ .iii Di'ylittnl Wdln 
I'lvc atmbsea vsort in ulc of t ith a iiiiplo 


Calciilate<l 

I)ctcrn)inc<l 

SUmlaril error 

Vi)J per ceil! 

-a/ per eei t 

j’ per Lfi ' 

1 loS 

1 150 

d:0 0005 

0 570 

0 57o 

iO OOOS 

0 571 

0 575 

iO 0007 

0 157 

0 15S 

iO 0007 

0 350 

0 ,505 

±0 0001 

0 115 

0 U7 

±0 0010 


ponds to a clitTeicnce m gas bubble length ot 0 03 mm m the tapillai^ bu- 
lette 

To deteimine the acduacy of the iubtiument and it^ icpioducibiht> on 
lepeated analyses of the same solution, analyses ot watei containing known 
amounts of jSTn weie made Two lots ol wMtei weie ecpnlibiated m tonom- 
eteis, one with an and the othei with oxygen ot known Xj content, and 
the Na concentrations m the s^imples calculated tiom the absoiption co- 
efficient and tension of N.> m the tonometei Watei with mteimediate 
concentrations w^as prepared by mixing known amounts of these two sam- 
ples m a 10 ml syringe 

It IS evident from the results of these test analyses, summarized m Table 
I, that both the absolute accuracy and the reproducibility are quite high 
regardless of whether the concentiation of Xj m the sample is high or ^eiy 
lowq and are equal to the limit of sensitivitj of the measuiing de\ice 

For these determinations the apparatus was not cleaned between analyses 
by the method described in step (20) To determine whether the cleaning 
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procecluie ad\erBely affects the lepioclucibihfcy of the method, a sample of 
blood ;\as anah'zed ten times ith the cleaning technique The mean con- 
ceiitiation of the ten determinations, with the standard enoi, M’as 1 009 ± 

0 000b \olumes per cent, gmng the same lepioducibihtj as ivrth the water 
samples 

Blood Sampling — In the study of denitrogenation of cats (1, 2) two 
methods of obtaining blood samples were used For larger -v essels such as 
the postcaval ^em and the dorsal aorta 1 ml sjninges and Xo 26 needles 
i\ ere used For \ erj small blood vessels, such as dram a smgle muscle or a 
fat deposit in the cat, the syringe was unsatisfactory because of the diffi- 
tultj in piercing the small ^ essels \\ ith a hypodermic needle and the long 
time required to obtain suitablj'' large samples In its place a method with 
use of a glass sampling tube has been de\ ised 

The folloumg techmque is employed with syringes The s 3 Tmge is first ' 
thoroughly et ith w ater A httle Carbov a\, Xo 1500,* is placed on the 
ground tip of the syringe, the needle is firmly seated m place, and the wax is 
melted to effect an air-tight seal Bubbles are then removed from the 
syrmge and needle, and the synnge is rinsed two or three tunes with an 
anticoagulant solution (5 per cent sodium oxalate and 1 5 pei cent sodium 
fluonde), air bubbles bemg avoided Glycerol is apphed hberallj'’ to the 
socket at the top of the syrmge so that it mil be carried down between the 
barrel and plunger A gas-fiee solution of the anticoagulant is prepared m 
a standard manometric Van Slyke apparatus as desci ibed aboi e foi sodium 
hydrosulfite A short piece of gum mbbei tubmg mth a pmch-cock at one 
end IS attached to the side arm of the extraction chamber Some of the 
gas-free solution is washed through this and the pmch-cock is closed The 
anticoagulant (not degassed) m the syrmge is ejected completely, the rubber 
tubing punctured, and the gas-free solution drawn mto the syrmge to imse 
the needle and syrmge thoroughly About 0 2 ml of the anticoagulant is 
left in the synnge to be ejected immediately before mtroduction mto the 
blood vessel The amount of oxalate left m the socket of the needle and 
on the walls of the syrmge wall prevent clottmg m 1 ml of blood 

The use of gas-free anticoagulant prevents contamination of the sample 
with an unknown amount of Xj, but a correction must be made for the dilu- 
tion of the blood by the anticoagulant solution For this the \ olume of the 
dead space of the S 3 Tmge and needle must be known, and the sjumge should 
be recahbrated at the 1 ml mark These olumes are calculated from the 
weights of the syrmge and needle when dry, filled completely with water to 
the 1 ml mark, and after the water has been ejected Among tw enty-three 
syringes, the greatest variation in volume at 1 mi was 0 028 ml The 

‘ Obtained from the Carbide and Carbon Chemicals Corporation, 30 East 42nd 
Street, New York 



958 


\riCRC)voiiUMi/ri{i(' f. vs vti-s 


V olumc of Iho clt'tnl sj)aco v lined hotweeii 0 011 iind 0 030 ml , with a mean 
of 0 010 ml The v.uiation m the dead .spate ot needles of the same size 
IS not gieat 

To seal the syimgo aitei thawing (he sample, the needle is removed and 
ibout 0 O') ml ol meicuiy is diawn into the synnge, the tip of which is then 
closed with (he (iiigei 'OIk' blood is thoioiighly mi\ed bj rolling the drop 
ot meitiiiy back anil loith in (he s^ninge, and is stoied by plating the 
syiinge tip down m a beakei ol ite w.itei tout lining about a half inch of 
mcicuiy Cilyceiol is again apphetl to the top ot (he synnge between the 
band and the phingci to impiove the seal iiid pievent ficezmg of the 
sjuinge 

The blood is lianstened to the analy/ang appai.itiis thioiigh the special 
needle adaptei shown m Fig 3 \Vh(*n attaching this adapter to the 
synnge, the socket is fiist tilled with meieiiiy and the synnge is then intro- 
duced, displacing the menuiv as it is seated The - iinple is thoroughly 
mixed and some of it is ejected thiough the adaptei to clear it ol an The 
design of the adaptei and the ince lutions in its use eliminate iii thatmight 
otheiwisc be tiappcd in the socket ot the adaptei and contaminate the 
sample Without the smaller tube that pi ejects into the sjunge tip, erratic 
results 111 lepeated analj'ses ol a simpk aie Ireriuently obtained The 
shaft IS bent at light angles to pievent men 1113 Irom pacing into the ana- 
lyzing apparatus dunng tiansfei 

The glass capillar v"^ sampling tube used foi small blood vessels is shown 
m Fig 4, d The hue, shaiply beveled tip is compaiativel}’’ easj to insert 
into even a small v'ein It contains 0 le to 0 2 ml ot blood The tip 
offers the only pioblcm m the constrirction It is made, alter the two tapers 
have been drawn m the glass, by holtling the tip lightly against the side 
of a small motor -driven giindstone of the tj-^pe used m dental giindmg 
apparatus A very good bevel can be made on micioscopically fine tips 
m this way if the motor is faiilj" vibiation-fiee and the stone of fine grade 

In preparing the capillaij’^ for use the device shown in Fig 4, B is con- 
venient The tip of a clean, diy'^ capillary is inserted through a pinhole in 
the lubber sheet and down into the ineicuiy A few mm of meicur}’’ are 
diavvn into the capillary The tip is lifted into the saturated, Nrfiee’ 
sodium oxalate and an equal amount of this is cliawm up, lollovved finally 
by another mercury seal The shaip tip of the capillary is then forced 
thiough the vein wall and a sample slightly in excess of 0 1 ml is drawn 
up, caiijung the fiist twm meiciny seals and the anticoagulant ahead of it 
Another mercury seal is taken into the tip after the blood With a fingei 

“ Ns IS removed fiom the solution by bubbling pure O 2 through it for 1 or 2 hours 
The solution is transferred by means of a syringe, and maintained N;-free by keeping 
it under O 2 
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lield o\ei the open bnik end ot the capdlarj-, a tm}’’ bead of mercurj^ is 
shaken loose from this last seal and is caused to roll back and forth through 
the blood to mi\ it thoioughl} mth the anticoagulant which has wet the 
A\alls The be\eled tip is then sealed in a micro flame and the tube stored 
m a refrigeratoi until analj zed Samples are analj zed as soon as possible 
because tlie imount of inticoaguhnt is barely sufficient to prevent coagu- 
Lition 

In tranafeiring the «ample fiom the capillary to the analyzmg apparatus, 
the blood is first thoroughlj mixed mth the aid of the droplet of mercury 
The tip of the capillarj is then cut ofl vnth a carborundum pomt about 2 
mm from the shoulder at the start of the first taper, and a rubber gasket 
of the t} pe u«ed on the needle adapters is pushed onto the tip up to this 



Fig -1 ,1, glass capillarj tube for samplcng smalt blood vessels, B, device for 
charging the tube icith X— free anticoagulant 

-.houlder The meicuiy seal is then foiced out bj carefullj apphed pres- 
suie and the sample is transferred m the usual way 
Analysis, of Other Gases — ^Although little expenence has been had m 
iisuig this instmment with gases other than No, theie should be no difficulty 
m adapting it to the lelatnely insoluble gases such as Oo and CO Foi 
nieasui ing the 0> content of blood it would be advantageous to use a con- 
siderably smaller sample of blood than 0 1 ml in older that the quantity 
of 0> released cnll not exceed the capacity of the capillarj^ burette (0 01 
ml would 3 neld a column of 0« 5 cm long m the burette) A sample of 
anj" size can be used m the instrument if the pipette i- cahbrated at regular 
intervals, measured bj’’ the cross-hair dexuce 
In the analj'sis of \ ery soluble gases such as CO, the instrument suffers 
by comparison vuth the standard manonietnc Van Shke apparatus m 
that the final measurement is made at 1 atmosphere of pressure, at which 
the tendency for resolution of the gas is greater Ev en then, preliminary 
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expeueuce with biitui.ilcd Milt sohUioii-i to ii (Ik Miliibilitj of CO.-, 
and satuKilcd bodiiim monoh isic phosphate in pl.u ( ol l.u (u* acid to hhci.itc 
CO 2 fiom iMilionalo, gi\es liope loi le.isonalde amii.uy on siinplc', ot 
plasma of only 3 01 1 miciohtias (incabincd in the lapillai} binettc) 

It IS piobablc that an} an.iHsis that can be peitoimcd on the macio 
Van Slyke appau\tus can aKo be c.iiueil out with tli(> mieio instiuinfnt, 
fiequently with an ineie.ise in acctii.u} and a dei leise m time 

It is a pleasuie to acknowledge the inteiest and man\ helptul suggCMtioiis 
of Piofessoi E Newton Ihii\e\ mil l)i William D MiMliov dm mg the 
development ot this apiiaiatiiN 


si MM vio 

A micio\ olumetiic Van Slyke appaiatus loi the dideimmation ot niimito 
amounts of dissohed gases has been de\iscd b} which ditTirences m gas 
volume of 0 0027 miciohtei, 01 1 20 X 10~‘“ moli*, ot gas lan be measuicd 
The pioceduie is desciibod foi the deteimmation ol dissohtd N.> in 0 100 
ml of fluid 10 to lo minutes aie lequiied, and anal}ses m.iy be upcated 
with a standaid eiioi of about ±0 0008 \ olume pei teuton samples \ u\ing 
m concentiation fiom 1 0 to 0 1 \ohime pen lent Vppht dalit} to other 
determinations is discussed 
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THE EXZYMVnC MECtLVXISil OF OXIDATION-REDUCTIONS 
BE r WEEN MALVTE OR ISOCTTIL\TE 
VXD PYRU\ATE* 

Ut VI V\ ir MI HLLR.t VIlTIILll KORNBLRG,} &V-NTIAGO GRISOLIA,§ 

vNU SLV'LRO OCHOV 

[i'rom the Dcptirltncnti of I‘harinncologij and Chtmtdnj, \cn I or! L niversity College 

of Medicine, \lIc } orl ) 

(Receded for publication, March 23, 1948) 

Ihc di5LO\er3 of cirbon diovide asaimilation heterotrophic bacteria 
(1) and inimal ti^aiica (2) irouscd considerable interest m the mechanisms 
invohed E\idencc from \arioiis sources suggested the Wood and Work- 
man reaction, t c the carboxylation of p\ru%ate to ovalacetate, as a major 
pathwaj (3) 

E\ana, ^’eaneaIand, and Slotin (4) di 3 CO\ered that pigeon liver extracts 
fixed CO; in the presence of malite (oi fumarate), pjTuvate, and catalidic 
amounts of manginous ions and of cither dipho3phop3Tidme nucleotide 
(DPN) or triphosphopj ndme nucleotide (TPN), vhile catalyzmg the over- 
all Reaction 1 

(1) Malate for lumarate -r H 0) + p>ruvate -» pjruvate -t- CO. + lactate 

This Is essontiallj'' a dismutation between malate, which is oxidized and 
decarbox-jlated to pj'ruvate -h CO-, and pyruvate, w-hich is reduced to 
lactate, it will be inferred to as the malate-pyruxmte dismutation 
Furthei work (4, 5) suggested that Reaction 1 is the net result of the 
following reactions 

(-) Fumarate 4- H O ^ malate 

(3) Malate + pyndme nucleotide ocalacetate -f- dihydropjndme nucleotide 

* \ided grants from the United States Public Health Service, the Rockefellep 
Foundation, the Penrose Fund of the -Vmencan Philosophical Society, and the 
■Vmencan Cancer Society (recommended bj the Committee on Growth of the National 
Research Council) 4. preliminary report of part of this work has appeared (Federa- 
tion Proe , 6, 278 (1947)) Part of the material in this paper was taken from a thesis 
submitted by Alan H Mehler to the Graduate School of Arts and Sciences of New 
York Umversity in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy, March, 1948 

t Present address Weizmann Institute of Science, Eehovoth, Palestme 
t Division of Phjsiologj, National Institute of Health, United States Pubhc 
Health Service 

§ Present address, Laboratory of Ph\ siological Chemistrv , Umi, ersitj oi Wisconsin, 
Madison 
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(1) Oxul'icLt itu pyruviito }- COj 

(5) Pyiuviitu -f- ililijilropjiultiiu mKlcotidc , - liti liil( hpiridiiu lualfotulc 

llovcibibilil.y of the .ihove UMclioiib iiidKalcd 1)\ tlie uuoiijoiatum 
of ibotopic COi III the laiboxvl j'loupb of the \aiioin ai ids ((i) Koactioiis 
2, 3, and 5 me cat dy/ed by the eii/ynus lumma-ii, nidii dehydio- 
gcnase, and lactic deh-vdiogenabc lespecluelj, whidi aie I)K^(•nt in Lugo 
amountb lu pigeon luei extiads An (n/>in(‘ latah/ing Rcaition 1 fiom 
left to light, in the pioseiice of Mn*'*, was ilisco\(ietl in ]fiLrouJUU', Uji^o- 
deiLUcus by Kiampit/ and Weikinan (7) and in iiigeon livei extuut-) bj 
Evans cl al (1) 

Since it should be po-'^ible to study tin* combined le-^ult ot Reactions 3 
and 4, i c Reaction 0, iij bpi'ctiophotometi u inethodb as in the laac* of 
the ibocituc deh 3 ’’diogenasc-o\alosue( mu caibovela-'e s\steni (8f, attempta 

(G) M’lliito + pyridine nucleotide raipjruv’ite + CO: f diliidrop>ridine niicleoticle 

weie made to lecoiibtiuct Reactions 1 and b with a combinalion of piin- 
fied en/ijuncb The en/.ymcb used wcie malic delndiogenaae (9), ci-)btalhne 
lactic dohydiogcua’'C (10), and a pmtially puiihcd o\ dacetic eaiboxTlasc 
tiom ^IiuococcUii lij^odciklicn-y, the pieparition ot whuh will be de-'Ciibcd 
m this papei The lesiiltb weie eompletelj negatue 

Fuithei nn Cbtig-ition ot the iiiopeitie's ot jngeon luei cMiaets and of 
ammonium sulfate tiactioiis theieot diowcd tint Jteiction 1 sped he illy 
lequiies TPX as coeiu^mie Thc'-e obsiieatioiib led to the discotetw ot an 
enzyme m pigeon hvei which, w itli TFX as coenze me, e italjzes the ie\ena- 
ible ovidatue dccaiboxylation ot f-mahe leiel to p} iu\ le acid and (’0. (11) 

The piuihcation and piopeities ot tJie new enzA’ine aie ilcsciibed m the 
following papei (12) The puiified pigeon luci enzjme, which still cou- 
tams some lactic dehy di ogenase, catalyzes Reaction 1, m the pieaeiice of 
Mn++ and TPN, with Z-malate and pyiu\ate as initiil icactaiits, addition 
of ciystalline lactic dehydiogenuse acceleuites the late ot this leaction 

Mouldei, Vennesland, and Evans (5) desciibed a leaction between iso- 
citiate andpyiuvate, yielding a-ketoglutai ate, CO.-, and lactate (Reaction 
7) catalyzed by pigeon hvei c\tiacts in the piescnce ot l\In++ and eithei 

(7) Isocifcr'ite + pyruvate —'a ketogtut ir itc + CO: + 1 ictnte 

DPN 01 TPN It IS essentially a dismutation wdieieby isontiic icid is 
oxidized and decaiboxylated to oi-ketoglutaiate and CO^ while pyiuvate is 
leduced to lactate, and will be lefeiied to as the isocitiate-pyiuvate dismu- 
tation This leaction, which should be catalj'-zed bj’' the enzj'mes isocitiic 
dehydi ogenase, oxalosuccinic caiboxylase, and lactic dehyeh ogenase, w'as 
lepoited to occui only in pigeon hvei extiacts oi attei supplementing otliei 
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tissue preparations with fractions from pigeon liver (5) Since the muscle 
and heart preparations used contain the above enzymes (5, 13), it was desir- 
able to mvestigate this problem further 

We found that the isocitrate-pyruvate dismutation readily occurs m 
extracts of washed, acetone-dned, pig heart (which contains the isocitric 
and oxalosuccinic enaymes but little or no lactic dehydrogenase) when 
supplemented with crystallme lactic dehydrogenase, Mn+^, and TPN 

Here agam, as would be expected from the TPN-specificity of isocitric 
dehydrogenase (8, 14), the reaction is strictly TPX-specific and this is true 
also if pigeon liver preparations are used 

In the course of this w ork it has been found that crude pigeon liver prep- 
arations catalyze the conversion of DPN to TPN m the presence of adeno- 
sme triphosphate (ATP) Such a conversion had been previously obsen ed 
by Adler ei al (15) m yeast Lebedev juice This findmg may help to 
explam the difficulties m demonstratmg the true pyridme nucleotide speci- 
ficity of the abo\ e dismutations 

Smce the reductant system m both the malate-pyruvate and the iso- 
citrate-pyruvate dismutation is TPN-specific, whereas the oxidant system, 
lactic dehydrogenase, was considered to be DPN-specific, there remamed 
the question of how the electron transfer between the two systems takes 
place This was mvestigated by Moulder el al (5) who reached the con- 
clusion that the lactic (and also the malic) dehydrogenase of pigeon tissues 
can react with either DPN or TPN 

On remvestigatmg the pyridme nucleotide specificity of various dehydro- 
genases, by duect spectrophotometric measurement of the oxidation or 
reduction of the nucleotide, we foimd that lactic and malic dehydrogenases 
from various sources, whether crude or pure, can mdeed react with either 
DPN or TPN, although the reaction with the former is much faster Glu- 
tamic dehydrogenase (hver) was found, m confirmation of von Euler et al 
(16), to react equally fast with either nucleotide CrystaUme triose phos- 
phate dehydrogenase (17) was found to be strictly DPN-specific, whereas 
isocitric dehydrogenase (pig heart, pig liver, pigeon hver) is strictly TPN- 
specifie 


EXPERIMENTAL 

Malale-Pyruvate Disimitahon — Catalysis of this dismutation by dialyzed 
aqueous extracts of acetone powder of pigeon liver is shown m Fig 1 
(Curves 1, 2, 4) Preparation of the extracts and experimental conditions 
were similar to those described by Moulder et al (5) Fig 1 also shows 
that the pigeon liver enzymes cannot be replaced by mixtures of purified 
malic dehydrogenase, oxalacetic carboxylase, and lactic dehydrogenase 
(Curve 3), contaming these enzymes m much higher quantities than those 
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prebenfc lu effective umouuts ol iiigcou livei extinct Not only is there no 
leaction with the mixtuie of puiilied en/,>ines, hut the .icldition of such 



Fig 1 Failure of purified iimlie dthjdrogeii ibo, o\ d lettie cirbo\jlasc (from 
Micrococcus hjsoilciklicus), and lactic delij drogenase to catahzo the nialatc-pjruvate 
dismutation 0 05 m acutato buffer, pll 5 2, 5 inicronioles ot MnC’l;, 0 10b micromole 
of DPN, 10 micromoles of f-malate (221 c luiii ), iiid lb micromoles of piruvate nith 
other additions as indicated Final volume 2 1 cc G is, air Temperature, Curves 
1, 2, and 3, 38°, Curves 1 and 5, 10° The re iction \su3 started bj tipping m sub- 
strates from the side bulbs of Warburg vessels after temper iture equilibration 
Curve 1, 1 cc of dialyzed pigeon liver extract w ith about 30 mg of protein Curie 2, 
0 2 cc of pigeon liver extract Curve 3, pure malic dehydrogen i^e (11,000 units), 
purified oxalacetic carboxylase from MicroLoccus lysodt^ikLicus (200 units), and 
crystalline lactic dehydrogenase (10,000 units) Curve 1 (G), 0 o cc of pigeon liver 
extract Curve 5 (A), 0 5 cc of pigeon livei txtrut, malic delii drogeiiase (5600 
units), oxalacetic caiboxylase (200 units), and crystalline lactic dehydrogenase 
(20,000 units) 1 0 cc of pigeon livci cxtiact cont uued 3600 units of malic dehydro- 
genase, 160 units of oxalacetic carboxyl ise, and 2100 units of lactic dehydrogenase 


niLxtuies to pigeon Iivei extract does not affect the late of dismutation 
obtamed with the lattei alone (Fig 1 , cj Cm ves 4 and 5) In oi dei to check 
on the possibility of inactivation of the piuified enzymes dm mg the expeii- 
ment, suitable aliquots of the reaction mnxtmes weie assayed foi the various 
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en 2 ymes at the end of the manoraetnc runs, recoveries between 50 and 100 
per cent were obtained * 



MINUTES 

Fia 2 ilalate pyruvate dismutation with crude pigeon liver enzymes The 
enzjme was prepared bj precipitating an aqueous extract of acetone-dned pigeon 
liver with saturated ammonium sulfate at 0° The precipitate between 0 38 and 
0 65 saturation was dissolved in a minimum volume of water and the solution was 
dialjzed at 3-i° for 15 hours against 0 025 ii phosphate buffer, pH 7 4, 0 1 ii acetate 
buffer, pH 5 2, 5 micromoles of MnGI;, 8 5 micromoles of f-malate (190 c mm ), 50 
micromoles of p>ruvate, and 0 5 cc of enzjme wuth other additions as indicated 
Final volume 2 0 cc Gas, air, temperature, 38° The reaction was started by 
tipping in substrates from the side bulbs of Warburg xessels after temperature 
equilibration Curve 1, either no further additions or 5 micromoles of ATP, Curve 
2, 0 5 micromole of DPM", Curve 3, 0 5 micromole of DPX and 5 micromoles of ATP, 
Curve 4, 0 135 micromole of TPX 


On reinvestigation of the p 3 nidine nucleotide specificity of the malate- 
P3TTtvate dismutation it became apparent that, even after prolonged 
•iialysis, extracts are unsuitable for this purpose because there is lit+le 

* For a description of the enzjmie tests and definition of umts see the section 
“Methods ” 
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stimulation of tlie loactioii iiitc by pyiuline iiuolooticlcs boyoiid that caused 
by Mn'“*‘ (c/ also Mouklei d al (5)) A dialy/cd ammonium sulfate 
fiaction, picpaicd fiom the exliacls by piecipitation between 0 38 and 
0 65 satuiation, pioved mucli moie satisfuctoiy When this pieparation 
IS used in place of the extiacts, althougli the ba^al rite of di-imutation on 
addition of Mn*"' alone is not msignilicant, tlieie is not much further stimu- 
ation by DPN Addition of acceleiatts the leaetion ver>' markedly 
(Fig 2), suggesting that the mal ite-pviuvate dsmutation is TPN-specific 
It a combination of VTP and DPN h sub-itituted for TPN, one obtains 
dismutation lates not much lielow those obtained with TPX itselt It 

Taiicu I 

Enzymatic Synlhcsia of TEN from DEN and Vl'E tn Ammonium Sulfate Fractions of 

EiijLon Liitr 

Enzyme prepirntion, composition of reaction mixturts, and espenmental condi- 
tions as in Fig 2 E\pcrinicnts 1 ind 2 were earned out with preparations from dif- 
ferent livers 


1 uptnmtiM No 

AU> 

Nuclcotulc aildctl 

DI-N 

n-s 

IncuCalion lime 

1 

rPN foood 


intcromoUs 

mKtomolt 

mtCiamoU 

mm 

It 

1 




no 

0 


5 



no 

0 



0 5 


no ' 

0 00-1 


o 

0 5 


no 

0 0-1 




0 135 

no 

0 O-l 




0 135 

0 

0 0S7 

2 




70 

0 005 


5 



1 70 

0 OOS 



0 5 


1 70 

0 OOS 


1 25 

1 0 5 


50 

0 021 


2 50 

' 0 5 

1 

50 

i 0 037 



1 0 5 

1 

1 70 

1 0 0S7 


1 ^ 

t 

0 135 ! 

1 ! 

1 70 

j 0 061 


coidd be shown that, undei these conditions, theie occuis a synthesis of 
TPN, this IS illustiated m Table I m which E\peument 1 conesponds to 
that of Fig 2 The TPN estmiations w'eie earned out as desenbed 
undei “Methods ” It may be seen (Table I, last sample of Experiment 1) 
that on boiling a sample immediately aftei addition of 0 135 mici omole ot 
TPN only 0 087 miciomole, oi about 65 pei cent, w'as lecoveied, the le- 
maindei being piobUbly earned dowm by the heavy piotein precipitate 
Hence a correction for recovery w'as applied to the values for found TPN 
given in Fig 2 It will also be observed (Table I) that added TPN disap- 
pears on mcubation, whether by degradation to DPN or otherwise is 
unknown 
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As already stated, the abo\ e results led to the isolation froni pigeon liver 
of a TPX-specihc enzrjTOe iihich cataljzes the ovidatne decarbovjiation 
of f-malic atid to piTui ic acid and CO 3 The malate-pjTuvate dismutation 
13 catalyzed by this ensrjTne together mth lactic dehydrogenase The 



Fig 3 Malate-pj ruvate dismutation with punfied pigeon hver enziTne The 
complete system (Curve 7) contained 0 1 m acetate buffer, pH 5 2, 0 micromoles of 
MnCl», 15 micromoles of Z-malate (336 c mm ), 60 micromoles of pjTuvate, 0 135 
micromole of TPN, evcess of crystalline lactic dehj drogenase, and liver enzyme 
(specific activitj 450) with 290 7 of protem Curve 6 , without lactic dehj drogenase 
There nas no reaction if either hver enzyme or TPX was omitted, if lumarate was 
substituted for malate, or if DPX (0 21 micromole) was substituted for TPX, either 
without or with 5 micromoles of ATP (Curves 1 to 5) Final volume 2 1 cc Gas, 
air, temperature, 38° The reaction was started by tippmg in substrates from the 
side bulbs of Warburg vessels after temperature equilibration 

experiment illustrated m Fig 3 was earned out with the purest preparation 
available of the pigeon liver enzjTiie (specific activitj'' 450, see Ochoa et al 
(12)) This preparation stdl contains some lactic dehj drogenase but in 
amounts insufficient for a maximum rate of dismutation Under these 
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conditions, the reaction ib ok (‘I ciuted !>> addition of ci>btalline lactic 
dehydiogenasc Since tlio puufied enzyme is free liom lumarase and other 
enzymes oiiginally piesent in jngeon luei (‘\tiactb and (iiide ammonium 
sulfate fiactions, undesiialile side leaelions me e\(lud(d dliUb, tlie icac- 
tion pioceeds only m the pieM'ute ol /-mnlate, i)\iu\ate, and TPN 

DPN, with 01 witlumt VTI’, has no (‘Ihi t, and turn u lU n imit wlien -^uh- 
stituted foi malate 

A chemical balance of the* malale-pyiiiN.iie di^nmi ilion, e.iiutd out 
w'lth ammonium bulfale fractions ol pigeon lum (Table If), n in complete 
agi cement with J'lciualion I, as ic'poited hj Kcaiib il nl (1; It will he 
obseived that, with the ciude enz3me U'C'd, lumarate icacted as well as 
malate and also that all of the duuibox^lic ic id leactb il Milhc lent time is 

Tviin II 

ChLiniud liulanci. of Dtitnulttlton hiluttii MuhtU anil I‘i/niiaU 
0 OS \r acetate bufTer, pll li 2, .'i imtronuilt of MiiCI , 0 I {.■) nuLroinoIe of TP>., 
S 9 micromoles of p\ ra% ate, iiul 1 0 t< of (iigKia liC( r tore me* (di il\ zi d immonuaii 
sulfato fraction ss m Fig 2), aith oflur 'iddilioti-^ as mda itcd Iind \olunie25 
tc Gas, air, temper ituro, JS° The ren lion w is started b\ tipjaag in funiarate 
or malate from tlio sido bullw of Warburg \esstls ‘ifter temper ituri ccpnlibration 
Incubation, 100 minutes The results are ospn-'ied in mieromoles 


Experiment 1 

No ! 

1 

\(t(Ution^ 

A COi 

A UetatL 1 

A pjruxate 

1 

1 ' 

Fumarntc (13 1 micromoles) 

-1-n t 

4-15 1 

-0 33 

2 

f-Midiile (13 1 “ ) 

-r 13 () 

4-11 S 

-0 40 

3 

“ (53 0 ‘ ) 

+ H { 

4-2S 2 

-0 23* 


^Determined euz3miticaU\ with butic dolo drogta im 


allow'ecl This fact, which had aheaih been noted liN Mouldei tl al (5), 
has been made use of toi a lapid and specific detenmm ition of malate (12) 
Isocitiate-Pjj) uvatc Dii,mHlaUon — The oecuuence ot this leaction m 
pigeon livei e\tiaits, as desciihed In IMoiilciei tl al (5), w is eonhimed 
Howevei, wuth dialyzed ammonium sultate liactioiib, the leiction was 
found to be TPN-specihe (Fig 1) \yith e\tiaetb of washed, acetone-diied, 
pig heait (w'hich contain laige amounts of isocitnc (and malic) dehj'dro- 
genase and oxalosuccinic caiboxylase, hut little oi no acomt ise oi lactic 
dehydiogenabe (13)) theie is a lapid leaction as soon ab a mixtvue of e\tiact, 
isocitrate, pyiuvate, Mn+^, and TPN is supplemented with cij'stalhne 
lactic dehydiogenase, DPN cannot leplace TPN (Fig 1) Extiacts of 
acetone-diied pig livei also catalj'^zc the leaction wuth TPN as coenzj'me 
These results suppoit the view that the isocitiate-pju create dismrrtation is 
catalyzed by isocitnc dehydiogenase, oxalosiiccinic caiboxylase, and lactic 
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deh>drogenase, and is stnctlj TPN’-specific A chemical balance of this 
dismutatiou, as catalj zed by pig heart extract together rath lactic dehy- 



0 5 10 15 20 

MINUTES 

Fig 4 Isocitrate-pyruvate dismutation 0 08 m acetate buffer, pH 5 2, 5 micro- 
moles of llnCl 20 micromoles of df-isocitrate (224 c mm ) , 50 micromoles of pj ruvate, 
and either 1 0 cc of pig heart extract (Curves 1 to 4) or 0 5 cc of dialyzed ammomum 
sulfate fraction of pigeon liver extract (fraction obtained between 0 33 and 0 56 sat- 
uration mth ammonium sulfate, otherwise as that described m Fig 2 except that 
the dialyzed solution was kept for 2 daja at 3-1° before use) (Curves 5 and 6), with 
other additions as indicated Final volume 2 5 cc Gas, air, temperature, 38° The 
reaction was started by tipping in substrates from the side bulbs ol Warburg ves- 
sels after temperature equilibration Curve 1, 0 07 micromole of TPX, Curve 2, 
crystallme lactic dehydrogenase, Curve 3, lactic dehydrogenase and 0 1 micromole 
of DPN, Curve 4, lactic dehj drogenase and 0 07 micromole of TPX, Curve 5, 0 1 
micromole of DPN, Curve 6, 0 07 micromole of TPN 

drogenase, is shown m Table III and agrees with that obtamed by ^Moulder 
el al (5) with pigeon liver extracts 



970 


I<N/.\ML MlXHANISMb 


TAIlIiB III 

Chcmiud lUilancb of Ih'iinufatwn htlnttn ItocUratc and Pijnaalc 
0 085 M iicotnto bulTcr, pll 5 2, 10 nuLroinolej of MuCI^, 0 2 inu roniolc of TPIs, 12 
micromoles of dl isonti itc, 25 muromolcs of ji^niv vie, 1 5 co of jiif; liL'irt extract, 
iiiul ui excess of ciistallnic lactic fleh}<lro(icnaic I-inal volume J 3 cc 0 is, air, 
temperature, 38° Tim leactum w is st irteil 1 j> tipping m isocitrato from the side 
bulbs of Warburj; vessels after tempi r ilure ( ipiililirat ion Ini iib ition, (lO imnulra 
The icsults ale cxpicsseil iii miiioniolis 



Method of (xtinutioii | 

Initul 

I inal 

1 A 

Pyiuvate 

llydra/om j 

23 1 > 

ll 0 

' -11 1 

«-Kctoglut ir ite 

Oxid ition and sucimoxidasi t 

t) 0 ’ 

12 1 

1 -P12 1 


lij'dr 1 / one 

0 0 

1 ! 3 

P13 ] 

co- 

M'lnometric 


n 1 

‘ P13 1 

Lactite 

Colorimetric j 

1 1 i 

13 U 

' Pll 5 


rvmv IV 


Pyridiiib A iichobi/c Spccijn-tty oj tSomv Dthytlroijbiiafi ^ 


Dch>droj>cnasL | Source and inirip 


kc\cUi>n tcjtcil* 


Kcaclivc p/fiiime 
nucleotide 


Malic 

Lactic 

Isocitric§ 


Glutamic 


Triosc phos- 
phate H 


iPig he irt (cruilcf or Oxalucetate r Coll- DPN, TP\ 
I pure) , pigeon livert ' r-s I m il itc + Co 

jOx heart (cristalliiie), I’i ruv ate -}- CoH: r- I ic- DPX, TFN 
pigeon livcrt , tatc Co 

Pig heart, t pig liver.ll 'iMsocitratc -r Co -- «- iTPN 
pigeon Inert (all | ketoglut ir ito + CO ! 

crude) 1 -p Collj 

Pig hvcrll (crude), calf 'i Glutimato -f Co ^ u- DPX, TPA 
liver (partially pun- I ketoglutarato + NIIj ' 

fled) I -f- Coll- I 

Rabbit muscle (cr^stil- 3 Phosphogl 3 ceraldeh 3 de jDPX 
line) -P Co — > 3 phosphoglj - } 

cerate -p Coll- , 


* The direction in which individual reactions were tested is iiidic itcd bj the heavj 
arrows Co stands for coenrjmio (pyridine nucleotido) 

t Dialyzed phosphate extract of washed, acetone dried, pig heart (S) 
t Dialyzed aqueous extract of acetone-dried pigeon liver (I, 5) 

§ In the presence of oxalosuccinic carboxjlase and Mn++ (S) 

11 Dialyzed phosphate extract of acetone-dried pig liver 
If In the presence of arsenate (17) 


Pyiidine Nucleotide Specificily of Dehijdi orjenases — loina'^estigation of 
the pyiidine nucleotide specificity of seveial dehydiogenases x\as iindei- 
taken foi the leasons aheady stated In oidei to obtam unequnocal 
results, the late of oxidation oi reduction of the pyiidine nucleotide, in the 
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presence of enzyme and substrate, was measured spectropKotometncally 
the methods developed by Warburg (18) AH of the reactions studied 
are reversible They vere foUoved m the direction m which they proceed 
at a faster rate, except m the case of the reaction catalyzed by glutamic 
dehydrogenase, ivhich vas followed m both directions The results are 
summarized m Table W 


Table V 

ReacHon of Malic and Lactic Dehydrogenases with Pyridine Nucleotides 
Each experimental cell contained 0 025 ii glycylglycine buffer, pH 7 4, enz 3 mie 
and pyridine nucleotide as indicated, and water to a volume of 2 9 cc At zero time 
0 1 cc of either 0 0076 it oxalacetate (mahc dehydrogenase) or 0 0091 it pyruvate 
(lactic dehydrogenase) was added Temperature, 22-24“ The blank cell contained 
no pyridine nucleotide The reaction rates were calculated from the third 15 second 
period after addition of substrate 


1 

Beh> dro- . 
geoasc ! 

i 

Source 1 

i 

Reduced 

p>ndxne 

nucleotide 

Pyndine 

nucIeoUde 

concen- 

tration 

i 

Amount 
of 1 
enryme 

Rate 

Actinty 

ratio* 


1 

1 

1 

mole X lOr* i 
iet u \ 

u 

mole X 
per Bitn 
per cc 


Malic 

Pig heart (pure) ] 

i DPN 

53 1 

0 0005 

21 , 



1 

1 TPN ] 

i 11 0 

0 005 

0 61 

34 


“ “ extract i 

1 DPN 1 

I 7 7 

0 001 

1 0 


1 


1 TPN 

7 5 

0 02 

0 81 j 

25 


Pigeon liver extract i 

1 DPN 

! 5 7 

0 0015 

10 



1 

TPN 

5 7 

0 01 


17 

Lactic 

Ox heart (crystallme) i 

DPN 

5 6 

0 0001 




1 

TPN 1 

7 3 

0 02 


220 


Rabbit musclef 1 

! DPN I 

4 2 

1 0 0005 

BIB 



1 

TPN 

7 4 

0 1 

m 

170 


Pigeon liver extract ' 

' DPN 1 

6 3 

1 0 001 

1 35 

1 


1 

1 1 

TPN j 

7 5 

|01 

1 0 

135 

1 


* Rate with DPIM pe r cc enzyme 
Rate with TPN per cc enzyme 
t Gryatallme fraction supplied by Dr E Racker 


Whereas, m confirmation of von Eider el al (16), the hver glutamic 
dehydrogenase was found to react about equally fast vuth either or 
TPjST, m the case of malic, and especially of lactic dehydrogenase, the reac- 
tion with DPN was much faster This is illustrated m Table V 

DISCUSSIOX 

The results presented m this paper make it possible to mterpret the reac- 
tions between either malate or isocitrate and pyruvate as TPN^-linked 
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dismutatioiis iCbultin{>: m tlie ovulntuc (icc.irhoxTi lation ol Jiuilate oi i-,o- 
cituite, with bimultaiu’ous lodiutiou of pjni\ ita to lict do Thc-o icai- 
tions pioeecd accoiding to Eiiuations 8, 9, and 10, m whuh the mam 
duection lb iiuluated by he.u ^ aiiows Heution S m (at.iK/ed l)y the 
new en/iynic* tiom pigeon Ii\ei, ileaction ') b} ixaiiiii di'hjdiogeiuti 
togethoi with ONalo-iiK ( niK t ubox^hi'-e, and Ren lion 10 bv lutii dolu- 
diogenabe 

(S) Z-Malata + pjrinut. rd) b i 

(9) <i-Iaocitr ito + TPN.. « ku.mlul irato -b CO TP\, j 

(10) Pi ruvatu + TPX„j (oi UPN, i J , 1 u i it. b I P\ . (»r DP\ „ ) 

The TPN bpeeiiieity ot tlie d>o\c di-'imitatioii'' i-. dtu to the atiidTlW 
bpcciheity of Reaetioiib 8 and 0 Reaction 10 piotcctK miuh taster 
uitli DPN than with TRX, tlie tact th d it on iii" at all with TRX makes 
the dibmutalioiib possible rndei theM* t ondiiiom, Reaction 10 is prob- 
ably the leaction limiting the ovci-all i tti ot the di''iimt.itioiis 

A fabtei dibinutalion ‘-liould lueui between iithei niakde oi isoeiti itc 
and o\alacet<ite with the nialic {lehjdiogeii isc (instcMd ot lactic dehj- 
diogenafac) system as o\i(l int, since mahe dehidiogenase le lets with TPX 
lelativcly moie lapidlj than lactic delndiogena'O iloes Mill taster dis- 
mutations should occui, in the ine&enee of a-ketoghitaiate ind XUs, \\itli 
the glutamic dehydiogenuso sjsiem as oMiliut, since Us high uMdUion- 
reduction potential is as la\ oiable as th it ot the lai tale iiid nialate stems, 
and its leaction with d'PX is lapid It will be lei ailed th.it Adlei ti al 
(14) desciibcd such a icaction a lapiti eenweision ot isuiUi ile -f XUj to 
glutamate 

The failuie of puiilied m die delndiogen ne, o\al leetii e.iibo\\lase, and 
lactic dehydiogcnase to catalyze the malate-pjiiu.de disnuitation simpl} 
reflects the faihiie of a combination ol the liist two enz> iiies to eatah ze the 
oxidative decaiboxjdation ot malic icid The pioblem jneseiitcd b\ this 
fact IS discussed m the tollowing papei (12) 

Mt I hods 

Isolation of Oialacclio Ca)bonjkti>e Jiom Miiiotouits lij^udttklious — ^The 
organisms wmie giowm and haivesteil as desiiibed by Kiampitz and Weik-' 
man (7) Suspensions of washed organisms weie lysed with R'sozyme 
Lysozjmie wms prepared by the method of Aldeiton ct ol (19), followed up 
to the lyophihzation of the dialyzed eluate from bentonite The lysed 
piepaiation was brought to pH 5 0 with 1 0 N acetic acid and the precipitate 
wars centrifuged off and discaided Tlie snpeiuatant was shaken with 
alumina gel Cy (wdiich adsorbs most of the fl.rvopiotem piesent) .and the 



ITEHLER, KORNBERG, GRISOLIA, AND OCHOA 


973 


supernatant uas precipitated nith 3 volunieo of acetone at 0® The pre- 
cipitate was collected by centrifugation, washed twuce with ice-cold acetone, 
and dried in lacuo 1 1 gm of pooled acetone powder were ground in a 
mortar w ith 120 cc of 0 1 m phosphate buffer, pH 7 4, the insoluble residue 
was centrifuged oh, and the supernatant was dialyzed for 3 to 4 hours 
agamst runnmg tap water To the dialjzed solution were added, with 
stirrmg, 19 2 mg of protamme sulfate (dissoh ed m 1 9 cc ot water and 
brought to pH 6 0), and the nuxture was centrifuged at 3000 r p ii for 30 
mmutes To 135 cc of slightlj turbid supernatant were added 23 8 gm 
of ammomum sultate, and the precipitate was discarded The enzyme was 
precipitated by the fui ther addition of 30 gm of ammomum sulfate The 
precipitate was dissoh ed m a small amount of water and the solution was 
dialyzed overmght against runnmg tap water The enzyme was now pre- 
cipitated with 4 volumes of acetone at 0® The precipitate was washed 
twace with ice-cold acetone and dried in lacuo This preparation is very 
stable, retauung full actmtj for over a year when stored at 3-4° It is 
free of lactic and malic dehydrogenases and quite inactive toward mahc 
acid whether with DPN or TPX 

Oxalacelic Carboxylase Test — ^The manometnc activity tests are based on 
the rate of decarboxylation of oxalacetate and are carried out m the presence 
of 0 1 ir acetate buffer, pH 5 2, 1 micromole of AInCli, enzyme, and 19 
micromoles (425 c mm ) of freshly dissoh ed oxalacetate which is tipped m 
from the side bulb of the Warburg vessels after 5 mmutes of temperature 
equilibration Final \ olume 2 0 cc , gas, an, temperature, 25° A blank 
without enzyme is carried out simultaneously to correct for the spontaneous 
decarboxylation of oxalacetate Under the aboi e conditions the ev olution 
of COj, m the presence of enzyme, is of zero ordei o\ er a good part of its 
course The spontaneous decarboYjrlation is first order 1 enzyme umt 
IS defined as the amount of enzyme causmg an excess CO3 evolution over 
the blank of 1 0 c mm m 10 mmutes, calculated for the second 5 mmutes 
folloivmg tipping m the oxalacetate The corrected CO2 evolution m this 
penod IS proportional to enzyme concentration withm rather wade limits 
The specific activity (umts per mg of protem) of the above preparation of 
oxalacetic caiboxydase was about 200 The specific activity' of the lysed 
cells was about 50 

Dehydrogenase Preparations — Pure mahc dehy chogenase was prepared 
from pig heart accordmg to Straub (9) 'Crystallme lactic dehydrogenase 
was prepared fiom ox heart by the method of Straub (10) Crystallme 
tnose phosphate dehydrogenase, prepared from rabbit muscle by the method 
of Con et al (17), was kmdly supplied by Dr E Packer A preparation 
of glutarmc dehydrogenase from acetone-dried calf liver, partially purified 
by fractionation with ethanol at low temperature, was kmdly- suppbed by 
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Dr S Ratnei The nature of the various crude en/yme preparations used 
13 indicated in Table IV 

Dehijdi ogcnaiic Tcitlb and Unit !> — The late of oxidation or leduotion of the 
icduccd 01 oxiducd pyiidine nucleotide was incasuicd by detei mining the 
absoiption of light of wave-length ,'JIO mu in the Beckman spectropho 
tometci The icactions thus ineasuicd m the ca-^e ot each of the various 
dehydi ogcnascs weie those indicated m Talile IV 'J’he loaction mixtiaes 
containing 0 025 M glycylglycine bufiei, pll 7 4, p>ridine nucleotide, 
enzyme, substiate, watei, and, it neccssii^, othei ailditions, were made up 
to a final vmlume of 3 0 ec m quaitz (ells of 1 0 cm light patli Reactions 
were staitcd by addition of eithei substiate oi enzyme and leadings of the 
optical density weie taken, at inteivals of 15 seconds, against a blank con- 
taining all components except p^uidine nucleotide I unit was arbitrarily 
defined, m cveiy case, as the amount of enzj me causing a A log I of I of 0 01 
pel minute calculated foi the thud 15 second peiiod alter the stait of the 
leaction The concentiations of sub-itrites and pyridine micleotidea weie 
chosen to give maximum lates with the highest amounts of enzyme used, 
which did not exceed 10 units The tests weio cairicd out at room teni- 
peiatuie betw'cen 20-25° 

Chemical Picpaialions — The following substances were prepared as pre- 
viously desciibed ciy^stalline sodium pyiuvate (20), DPN- (21), d/-isocitric 
acid (8), oxalacotic acid (22) Funiaiic and f-nvihc acids weie obtamed 
commeicially Reduced DPN (sodium salt) was prepaicd by the method 
of Ohlmeyei (23) Solutions of icduccd TPN weie obtained by enzymatic 
leduction with stoichionietiic amounts of isocitric acid Alter completion 
of the reaction, the mcxtuie wms biought to about pll 10 5 w ith dilute alkali, 
heated foi 2 to 3 minutes at 100°, cooled, and ceiitiiluged 

The DPN piepaiations weie fiec fiom TPN as shown by their failuie to 
catalyze the i eduction of 2,G-dichloiophenol mdophenol by glucose-6- 
phospliate m the piesence of Zwischenfennenl (21) The absence of DPN 
fiom the TPN piepaiations wms shown by then inactivity m the triose 
phosphate dehydi ogenase system 

Analytical Methods — Pyiuvic and a-kctoglutaiic acids weie detei mined 
by the method of Fiiedemann and Haugen (25) and lactic acid by the 
method of Barker and Summeison (26) Pyiuvic acid was also deteimined 
enzymatically with lactic dehydi ogenase (12) 

Enzymatic Determination of TPN — TPN was determined by its catalytic 
effect on the late of reduction of 2,G-dichloiophenol mdophenol by isocitiic 
acid, in the piesence of isocitiic dehydi ogenase, according to the method 
of Haas (24) The test system wxvs made up w'lth enzyme, 0 3 cc of 0 25 

“ We are greatly indebted to Dr Charles N Frey and Mr R F Light, The Fleisch- 
man Laboratories, New York, for generous supplies of yeast for this preparation 
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M glycylglycme buffer, pH 7 4, 0 02 cc of 0 05 ii IvInClj, 0 2 cc of 2, 6-di- 
chlorophenol mdopbenol (0 1 mg per cc ), 0 1 mg of dJ-isocitrate, TPN 
or the TPN-containmg sample, and water to a volume of 3 0 cc Eeadmgs 
were taken at room temperature (20-22°) m the Beckman spectropho- 
tometer at wave-length 600 nift The blank cell contamed no dye The 
reaction was started by the addition of isocitrate or enzyme The early 
rate of dye reduction is, withm certam bxmts, proportional to the TPN 
concentration, as is shown m Fig 5 There is some blank reaction if 
dialyzed heart e\-tracts are used, this can be elinunated by the use of par- 
tially purified preparations (8) 



Q I 1 I I I I 1 i 1 . — J J 1 

0 12 3 4 5 

MICROGRAMS TPN 


Fig 5 Rate of reduction of 2,6-dichlorophenoI mdophenol by the isocitnc de- 
hydrogenase system as a function of the TP2^ concentration Wave-length, 600 tufi 

Reaction mixtures were diluted with 0 5 volume of water and transferred 
to small test-tubes These were placed m boilmg water for 1 mmute, 
cooled m ice, and centrifuged at high speed The clear supernatants were 
analyzed for TPN as described above 

sumiABT 

The reaction between malate and pyruvate, jneldmg pjTuvate, COc, and 
lactate, specifically requires TPN as coenzyme This reaction is a TPN- 
linked dismutation mvolving both an enzjme isolated from pigeon Iner, 
catalyzmg the oxidative decarboxjdation of malate to pjTuvate and CO-, 
and lactic dehydrogenase A mixture of purified malic deh 3 ^drogenase. 
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ovihicotic ciiihovj'Kibo, and lactic dchydiogenase failed to catalyze tins 
icaction 

The leaction betiseen ibociluitc and pyruvate, yielding «-keloglut.irate, 
CO 2 , and lactate, is TPN-speeilie and pioiced'. 111 the [nesence of dialyzed 
extiactb ot washed, utetone-diicd, pig he.iit ((ontaining isoeitiie dehj- 
diogenase aiul ovdosuecinic caibox^lase) aiijiplemented with ciystalline 
lactic dohydi ogenase This reaction is also a TPX-hnked dismutation 
involving both the isocitiic and lactic di h\(hogcn'ise systems 

A leinvcstig.ition of the jijiidine nucleotide ''pccificitN ot se\eral deli}- 
diogenases, b}' dnect bpcctiophotoincliic ineasiucinent of the oMclatioii or 
leduction of the nucleotide, shout d that malic and lactic dehjdiogenase 
can leact uith citliei DPN in TPN, but the icaction with the latter is 
blowei The coenziine specificil\ ot othin deh\ diogeii i-'CS (laoeitne, 
tiiose phosphate, glutamic) conloims to that tound by earliei obseuera 
The TPN bpecificity ot the malate-pj luc.itt' ind laocitiate-pvrmate 
dismutatioiib is deteimined liy tlu* TPN --pet ilu it\ ot the reductant systema, 
since the ovidant system, lactic dehy thogena-e, can icact with either DP\ 
or TPN and indeed icacts much i istei uith the foimcn 
In ciudo en/yino piepaiatioiis of pigeon liier tlieic is a slow byntheab 
of TPN fiom DPN aiiel ATP Such piepai.itioiia ilso bring about a slou 
disappearance of added TPN. 

We wish to thank Mi Sidney Udcntiiend toi help with some ot the experi- 
ments, and Ml iNIoiton C SchneitUn loi technical assist nice 
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BIOSYNTHESIS OF DICARBOXYLIC ACIDS BY CARBON 
DIOXIDE FIXATION 

I ISOL.VTION AND PROPERTIES OF AN ENZYME FROM PIGEON LIVER 
CATALYZING THE REVERSIBLE OXIDITIVE DECARBOXYLATION 
OF I-MALIC ACID* 

Br SEVERO OCHOA, ALAN H MEHLER,t axd ARTHUR KORNBERGI 

(From the Deparlmenla of Pharmacology and Chemistry, New York Uniiersity College 

of Medicine, New York) 

(Received for publication, March 23, 1948) 

The isolation from pigeon hver of an enzyme which catalyzes the revers- 
ible oxidative decarboxylation of Z-malic acid to pyruvic acid and CO 2 has 
been previously reported (1) Work leading to the discovery of this en- 
zyme has been discussed m the precedmg paper (2) The present paper 
deals with the purification of the pigeon hver enzyme and with a more 
detailed study of its properties 

In the presence of manganous ions the new enzyme catalyzes Reaction 1 

(1) COOH CH, CHOH COOH -t- TPN.:..?=iCH, CO COOH + COj + TPN„d. 

LMalic acid Pyruvic acid 

The enzyme is strictly specific towards tnphosphopyndme nucleotide 
(TPN), Z-rnahc acid, and pyruvic acid, there is no reaction with either 
diphosphopyridme nucleotide (DPN), d-malic acid, fumanc acid, or phos- 
phopyruvic acid The enzyme functions m the absence of morgamc phos- 
phate and adenosme triphosphate (ATP) The evidence so far ob tamed 
mdicates that Reaction 1 is catalyzed by a smgle enzyme This enzyme, 
m the presence of ]VIn++, also catalyzes the decarboxylation of oxalacetic 
acid to pyruvic acid and CO 2 (Reaction 2) 

(2) COOH CHj CO COOH CHi CO COOH + CO. 

Oxalacetic acid Pyruvic acid 

As m the case of the tricarboxyhc acid system (3), the equilibrium of Re- 
action 1, far to the right, can be shifted to the left, i e m the direction of 
CO 2 fixation, by couplmg with the glucose-fi-phosphate dehj^drogenase 

* Aided by grants from the Umted States Public Health Service, the Rockefeller 
Foundation, the Penrose Fund of the American Philosophical Society, and the 
American Cancer Society (recommended by the Committee on Growth of the Na- 
tional Research Council) 

t Present address, Weizmann Institute of Science, Rehovoth, Palestme 
t Division of Physiology, National Institute of Health, Umted States Public 
Health Service 
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system of low OMclation-rcduction potential The following leactionb are 
then obtained 

(3) Glucose G'phospliate + TPN,>t r: G ihioaphof'lutoimtc + TPNma 
(1) Pyruviito + CO. F TPK,. i r I uni ite + Tl'N?,, 

The net result of Reactions .i and I i". Rcu lion .5, a 'rPX-linUed dismu- 
tabion whereby ghicose-O-plioapliate h ovidi/ed to pho^pliogluoonate, while 
pyruvate is caiboxylatcd and i educed to inalati 

(5) Glucose b-phospluite 4* Piruvatc -1* CO, -• b phosphoj^hiconato + 1 malatc 

LM’LUIMLM Vn 

Optical Test and Enzyme bniL— Vctnit} delciiuiuations arc based on 
Reaction 1 The cail) late of i eduction of TPXox m the presence of 
enzyme, manganous ions, and an evee-'s ui /-m.ilate is, within ceitain lim- 
its, proportional to the enzyme concentration The lormalioir of TPNtca 
is followed in the Beckman spectiopliotometci at ware-length 3i0 mp 
Measurements have been earned out at room temperatiiie (20-21°) 

The reaction mivturc, m quaitz cells {d — 10 cm ), consists ot 0 025 M 
glycylglycme bulTci, pH 7 1, I 0 nriciomolc of MirClj, 0 ISo micromole 
of TPNox , 0 US micromole of f-mrlate, enzyme, and water Final vol- 
umes Occ The leactioii is stuitcd by the addition ot malate, and read- 
ings of the optical density aic made, against a blank contammg all com- 
ponents e\cept TPN, at mtoivals ot 15 seconds ioi 1 oi 2 minutes The 
mcrease m optical density (A log /o//) betw con 30 and 15 seconds after the 
addition of malate is used to calculate the enzyme activity 1 en^'rae unit 
has been aibiti airly clehned as the amount of enzyme causing an mcrease m 
optical density of 0 01 per minute The amount of enzyme used m a test is 
adjusted so that A log lo/I, foi the period between 30 and 15 seconds, lies 
between 4-0 006 and -pO 015 

The piotem content of enzyme fiactions is detei mined spectiophoto- 
metiically by measuring the absorption of light at ware-lengths 2S0 and 
260 mp The protein concentiatiou rvas calculated, from the absoiptiou 
at 280 mp, rvith a correction for the nucleic acid content from the data 
given by Warburg and Chiistiau (4) The specific activity of an enzj^me 
preparation is given by the ratio, units pei mg of piotem 

Isolation of Enzyme 

The starting material is acetone porvdei of pigeon liver Preparation of 
the porvder and extraction are earned out essentially accoidmg to Evans 
ei al (5) The enzyme has been substantially puiified by fractionation 
with ethanol at low temperature and fractional adsorption on alumina gel 
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Preparation of Acetone Ponder — ^Pigeon livers, removed as rapidly as pos- 
sible after decapitation, vere cooled m ice and freed from fat and connective 
tissue The livers were extracted with acetone, cooled to —5°, m a chilled 
Warmg blendor, the suspension Avas then poured mto sufficient acetone (at 
— 5°) to make a total of 10 volumes of acetone The mixture was stirred 
for a few min utes and filtered \nth suction m the cold room The residue 
was reextracted once more wath acetone, spread on filter paper and allowed 
to dry at room temperature The diy material was freed from the larger 
threads of connective tissue, ground to a powder m a mechamcal mortar, 
and stored m stoppered bottles m the ice box Its activity keeps unchanged 
for seA eral months 

Step 1 Extraction — 100 gm of acetone pow der were extracted for 10 mm- 
utes wath 1 hter of distilled water at 40° wath mechamcal stirrmg, the insolu- 
ble residue was centrifuged off at room temperature and discarded This 
yielded 800 to 900 cc of a reddish browai turbid extract, the protem concen- 
tration of which was about 25 to 30 mg per cc Its specific activity was 
about 4 

Step 2 First Ethanol Fractionation — ^To 800 cc of extract were added 200 
cc of 0 2 II phosphate buffer, pH 7 4, after coolmg both to 0° Absolute 
alcohol (cooled to —30°) was now added to the solution with mechamcal 
sturmg The alcohol was added \ery slowly and the temperature was not 
allowed to rise above 0° As the alcohol concentration rises, the tcmpera- 
ture‘ 13 allowed to fall eventually to —5° and is mamtamed until enough 
alcohol has been added to make a concentration of 32 to 35 per cent by 
volume 

The precipitate was centrifuged off at —5°, m the refrigerated centrifuge, 
and discarded The supernatant was allowed to stand oa emight at — 15°, 
whereby a further precipitate was obtamed This precipitate was centri- 
fuged off at - 10° and dissolved m ice-cold 0 02 u phosphate buffer, pH 7 4 
It gave a clear red solution, specific actiAuty 13 Solutions from three 100 
gm batches of acetone powder, each obtamed as described aboA^e, were 
combmed at this stage to give 194 cc of solution (see Table V) containmg 
55 mg of protem per cc 

Step 3 Refractionation with Ethanol — On fractionation of 194 cc of the 
above solution the results shown m Table I were obtamed 

Fractions obtamed by precipitation Avith ethanol at a given temperature 
Avere always collected by centrifugation at the same temperature and taken 
up m ice-cold 0 02 ji phosphate buffer, pH 7 4 While the first fraction of 
any senes usually contamed some insoluble material, subsequent fractior^ 
always gave clear solutions 

^ The desired temperatures were maintained with alcohol-water mixtures which 
were kept as semifrozen slushes by means of an outer bath of alcohol (or acetone) 
and dry ice 
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Fiactions 1 unci 3 weic combined and icfractionated to yield Inaction 1, 
containing 21,800 units of specific acluity 23 0 
Fiactions 2 and t weie combined, the solution ua^ diil>/ed overnight 
against 0 1 m phosphate bulka, pi I 7 1, and diluted with an eciual volume 


Tviiii I 

Stcond IJthnnol b raclionaiinn 


rriction No 

I tinnul iililcd lo 
iu|icrnatant 

Icmpcrilurc 

Unit\ in ^tiluliuii o( 
f’pt 

1 

j Spcci ic activitj 


CC 

'C 



1 

11 

-1 

39,000 

11 7 

2 

0 

—3 

S-1,300 

23 1 

3 

9 

—3 

L>, luSO j 

i 


Tviiit n 


Rtfrncltomilton utth Llhnnol 


Traction No 

Ethanol added to 
supernatant 

Tcmrct iturc 

UnitJ in olutioa oi 
ppt 

bpe..ilic activity 


CC 

•c 



la 

10 

—3 

l.OoO 

0 9 

2a 

10 

— 3 

20,700 

13 2 

3a 

10 

—3 

23,000 

23 3 

4a 

10 

—3 

38,000 

3G S 

5a 

0 

— 13 

C,100 

9 3 


Tvdlc III 


Rcfractionation uilh Ethanol 


Fraction No 

Ethanol added to 
supernatant 

rtmpuaturc 

Units in solution ol 
ppt 

Spccuic activity 


CC 

'C 



lb 

5 

-5 


12 4 

2b 

1 

—3 


lb 4 

3b 

5 

-5 


IS 0 

4b 

0 

-10 


15 5 

5b 

5 

-S 

1,S30 

29 0 


of watei to give 200 cc of solution containing 23 mg of piotom per cc 
This solution was fiactionated with ethanol, the lesults aie showm m 
Table II 

Fiactions 2a and 3a vv^eie combined, diluted to 60 cc with 0 02 vr phos- 
phate buffei, pH 7 4 (piotein concentiation about 40 mg pei cc ), and fiac- 
tionated (see Table III) 
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Fractions 4a, 3b, and 4b were combined to give 30 cc of solution contain- 
ing 72,700 units, specific actinty 43 0, with 55 5 mg of protem per cc 
(Table V) 

Step 4 Fractional Adsorption on Alumina Gel — ^30 cc of solution from 
Step 3 nere cooled to 0° and diluted mth 119 cc of ice-cold water To 
this solution were added slowly, with mechamcal sturmg, 15 cc of ice-cold 
2 0 m acetate buffer, pH 4 8 This gives 164 cc of a clear red solution con- 
taining about 10 mg of protem per cc , pH 5 0 To this solution were 
added 11 0 cc of a suspension of alummagel Cy (after WiUstatter), contam- 
mg 14 5 mg of AI1O3 per cc , with mechamcal stirrmg Stirrmg was con- 
tmued for 10 mmutes, while the temperature of the mixture was kept at 0°, 
and the alumina was centrifuged oflf m the cold room To the supernatant 
were added a further 11 0 cc of alumma suspension and the mixture was 
worked up as before This was repeated three more times Each alumina 
residue was separately eluted at 0° with 9 0 cc of 0 1 m phosphate buffer, pH 


Table IV 

Analysts 0 / Eluates from Alumina Gel (Step 4 ) 


Eluate No 

Units 

i Specific activity 

. 1 

1 

3,640 

1 31 7 

2 

6,250 

1 58 5 

3 

15,800 

178 0 

4 (Table V) 

21,100 

' 272 0 

5 

2,160 

63 0 

3a 

2,820 

100 0 

4a 

3,920 

171 0 


7 4 Residues 3 and 4 were reeluted with an additional 5 0 cc of phosphate 
buffer each (eluates 3a and 4a) Analysis of the various eluates gave the 
results presented in Table IV 

Eluate 4 was a clear, pale yellow, solution, it contamed 6 mg of protem 
per cc 

Step 5 Refraclionaiion with Ethanol and Alumina GeZ— Eluates 3, 3a, and 
4a were combmed and refractionated with ethanol A fraction was ob- 
tamed contammg 12,000 imits, specific activity 190 This solution (3 0 
cc ) was brought to pH 4 9 with 0 7 cc of 2 0 m acetate buffer, pH 4 8, at 0° 
The clear solution thus obtamed, contammg 17 0 mg of protem per cc , was 
fractionated at 0° as before by successive adsorptions on al umina gel Ad- 
ditions of 0 3, 0 3, 0 3, and 0 6 cc of the alumma suspension were made 
Each residue was eluted wnth 2 0 cc of 0 1 ii phosphate buffer, pH 7 4 
Residue 4 was eluted once more with 1 0 cc of buffer (eluate 4Aj) The 
followmg results were obtamed 
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I lunlc No 


Uiiili 


SliCCIIlC ictiwC 


L>A 

n 

lA 
1 Vi 


loJU 

19J0 

lUOD 

108 


'JOb 

275 

i02 

287 


Fuiction'5 ot spc( i(u lu'twcfii 200 and UJO (i < , cluatcs t, 2A, 3V, 

and lAi) weio combined aiul ictiactioieited with alumina [501 The beat 
fuiction thiib obtained (ontaimd 8010 units, sjiccdic aeti\it} HO (Table 
V) This was a cleai, ^(‘lylamtl> \ellowisb solution containing 1 8 mg of 
protem pei cc 


Tvaih \ 

Punjiculton oj 1'Kji.on Liter Lnzyine 
300 gm of ucctonc povsdt r 


Slip 

Vol 1 
umc u( 

1 4j1u 

1 lioti 1 

liniU 

1 rotem 

5 

1 

Spccitic 

aclivit> 

O^cr 

VieW ' 

' in step 

I 


1 

rc 

* 1 

t 1 


1 

unils I 
w, 

fto'tin 1 

}<t ter 

cent cent 

Aqueous extr ict* 

, 2170 1 

27b, oOO 

b-1,500 1 

1 1 

100 1 

Ist ethanol fractionation 

1 104 ! 

irw,oool 

11,000 

13 ' 

5b 00-100 

Refractionation with ethanol 

30 1 

72,7001 

1,000 

f 

2b ,00-100 

Mution from alumina gel 

H 

21,000 

77 5 

272 ' 

7 b^bO 

Refractionation with ethanol and 

! i 

S,bl0 

10 21 

150 i 

3 2 SO 


alumnm gel 


* Small aliquot dialj^cd for teats 


Table V bummaiizea the peitment daUi on the \ ai lous punlication stepa 
The last column gives the o\er-all rcioveiy ot enzyme for mduitlual 
steps, obtained by adding up the jields liom all the fiactions in each 
The high lecovenes indicate that, m spite of extensive fractionation, 
little 01 no activity is being lost, as w ould most piobably have been the case 
if more than one enzyme were involved in the catalysis of Eeaction 1 
The enzyme is lelativ'ely stable, especially m the pie&ence of phosphate 
Solutions in 0 1 M phosphate biilTei, pll 7 4, lose activity only veiy giadu- 
ally if kept at 0° Fiactions of specifac activity between 15 and 50 have 
been dialyzed against 0 1 in phosphate bufter, pH 7 4, loi periods over 2 
weeks, with little oi no loss of activity 

While it IS not yet possible to estimate the degiee of purity attained, some 
of the enzymes piesent m large amounts in the pigeon livei extracts, such 
as malic and isocitiic dehydrogenase, are almost completely lemoved by 
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the purification procedure described Fumarase is completely removed 
early in the purification (1) Removal of lactic dehydrogenase, on the 
other hand, is as yet incomplete These facts are illustrated m Table \T[ 
which ‘shows the specific actnities of several enzjunes at vaiious stages of 
piiiification of the pigeon liver enzjTne The activitj* of this enzjTne as 
determined spectrophotometncallj he, eatal3si-5 of Reaction 1) la re- 
ferred to as ‘ malic” enzvTne ictivutv and given m Column 2 of Table ^ I 

Tvbij. VI 

iclivtty of Various Emymes at Different Purification Stages oj Pigeon Liter Enzyme 


Spcaflc acuvTt> Ration 


1 

1 

1 

Fractioa 

(1) 

Olal 

1C * 

cn- 

z>Tne 

(E) 

(2) 

OxoUcctic 1 
cirboT>Usc 1 
(0) 

1 Lactic 

1 dehj- 
.arose 
nose 

i (L) 

, ( 3 ) 

j 01) ' ' 

1 (6) 1 li) 1 '8j / 

f 

0 rrpxg L 

M 

1 I 

W"ith 

out 

TPS 

(1) 

With 

TPN*, 

(1) 

E E 

1 

(9/ j (10) 

E 

1 

(11) 

E 

(11) 

Aqueous extract! 

5 2 

I 5 7 

1 


! 119 > 21 

|l 1 1 

,15 6 

22 8 i 

4 0 

Ist ethanol frac- 

13 1 

9 7 

1 

1 71 

1 1 

0 74 

|54 



tionation 


1 



1 1 

1 i 




Ethanol fraction 

21 0 

;n 7 ! 

24 9 


1 

,0 59, 

1 18 1 1 


i 

“ refrac- 

35 3 

15 3 

37 3 


1 

0 43 

1 06 1 


1 

tionated 

1 





1 

1 1 



it it 

46 5| 

23 2 

49 4 


1 

0 50 

1 06 ' 



■Vlumma eluate 

56 0 

43 2 

1 

12 s 


0 77 

2 3 



if U 

220 0 

1 93 0218 ' 

[ 


0 42 

1 00 ' 



ft it 

,274 0 224 Ol 

196 

196 27 

!0 82 

0 72 

0 72, 


Ethanol and alunu- 

350 0 243 


413 

83t| 14 

0 70 

1 2 

0 240 04 


na refractionated ' 


* 0 135 micromole 

tData for “malic” enzyme, average of five estimations on different (dialjzed) 
extracts Data for oxalacetic carboxjlase and lactic dehv drogenase, average of 
three estimations, for isocitno dehj drogenase, of two estimations 

t May be apparent mabc dehj drogenase activity smce pyruv ate, formed by de- 
carboxylation of the oxalacetate used as substrate m this test, will oxidize DP>rred 
owing to the presence of lactic dehv drogenase 


Tests and umts of the other enzyme activities were as described m the pre- 
cedmg paper (2) Lactic and malic dehydrogenase actmties were deter- 
mined with reduced DPN, isocitnc dehydrogenase actmty with ovidized 
TPN Columns 8 to 12 of Table VI give the ratios of the actmty of each 
of the enzyunes tested to “malic” em^Tne actmty 
Of special mterest is the behavior of the ovalacetic carboxylase actmty 
which, as first demonstrated by Evans el al (5), is axhibited bj’’ pigeon In er 
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extracts It will bo obscivcd, on inspection of Column 3 (Table VI), that 
the specific oxalacetic caiboxylase activity is inaikeclly incieascd on purifi- 
cation of the iiigeou luei en/yme 

Venncbland, Evans, and ^Vltman ((>) nvido the lemarkable observation 
that the late of decaiboxylation of oxalacetato by pigeon livci piepaiations 
IS gieatly stimulated by TPN, while is inactive- This obsoivation 
has been fully confiimcd in oiu laboiatory We have also ob:3ervcd that the 
effect of TPNox disappeait, aftei a shoit heating peiiod at 100'^ m the pies- 
ence of dilute alkali, while that of TPNna is letamed It is also of interest 
that the lato of decaiboxylation of oxalacetato by the pin died caiboxjlase 
of Miaococcus lysodciLliciis previously desciibcd (2) is not afiectod !)> TPN 

It may bo obsoivcd by compaiison of Columns 2, 3, and 1 ot Table "VT 
that, when tlic test foi oxalacetic taibox^ lase is caiiicd out m the presence of 
TPN, its specific activity mcieascs on purification exactly to the sinie ex- 
tent as does the “malic” eiuyme activity Column 9 (Table VI) shows 
that, undei these conditions, the latio of specific activities of oxalacetic 
caibox-ylase to “malic” eiuymc lemaiiis constant ovei a 10-told increase m 
puuty Unfoitunately, we do not yet have oxalacetic caiboxylase tests in 
the piesonco of TPN foi fiactioiis of specific actuitj highei than 220, but, 
fiom the inciease in caiboxylase activity pioduccd by TPN on the various 
fractions mvestigatcd, a constant latio of earboxjlase to ‘ malic” enzj'me 
may be expected ovei the approximate^ lOO-fold purification of the pigeon 
livei enzyme so fai accomplished 

The above lesults stiongly suggest that the s.ime enzyme is responsible 
foi catalysis of Reactions 1 and 2 I’m U decision on this point must, of 
course, await fuithei puufication 

P) Opel lies of Enzyme System 

Foimalion of Pyiuvale — The foimation of pyiuvic acid fiom f-raalic acid 
accoidmg to Reaction 1 has been dcmonstiated b} means of lactic dehy- 
drogenase In the presence of lactic dehj diogenase and reduced DPN, 
pyiimc acid reacts according to Equation G 

(6) Pyruvate + DPNrod ^ lactate + DPNoi 

Smee the equilibrium of Reaction 6 is very fai to the light (/C = (pyiu- 
vate) (DPNrod )/(lactate) (DPNox ) = G X 10-^ at pH 7 4 and 22° (7)), 
on addition of crystalline lactic dehydiogenase to a mixture ot pjnuvate and 
DPNrod , m which the lattei is present m excess, practically all of the pyru- 
vate IS reduced to lactate, while an equivalent amount of DPNrod is oxidized 
with a coirespondmg decrease in the absorption of light at 340 mja The 

3 We are indebted to Dr E A Evans, Jr , and Dr Birgit Vennesland for an early 
personal communication of this observation 
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specificity of lactic deli^ drogenase (S) makes this a rapid, sensitive, and spe- 
cific method for the determination of pjmvate 

A t3'pical experiment was cairied out as follows 134 micromoles of 
Z-malate, 1 0 micromole of MnCU, pigeon In er enzjTne (specific actmty 100) 
with 0 5 mg of protein, and gb cylglimine buffer, pH 7 4, final concentration 
0 025 M, weie mixed at time zero with 0 74 micromole of TPXoi m a quartz 
cell (d = 0 5 cm ) Final \olume 2 0 cc , temperature, 22° -\fter 8 mm- 
utes when the leaction markedlj'- slowed down, the increase m optical 
density (A log To/ 1) at 340 nm was -f 0 573, correspondmg to the formation 
of 0 41 micromole of TPNrcj ^ At this time, 1 8 cc of the reaction mcxture 
were deproteinized with trichloioaceticacid, centrifuged, and a 0 5cc aliquot 
of the neutralized clear supernatant was mixed with 0 2 imcromole of 
DPXrtd and crystallme lactic dehj-drogenase m 0 025 Ji gl3 C3 lgl3 erne 
buffer, pH 7 4 Final volume, 3 cc , d = 10 cm The amount of DPXred 
oxidized (A log la/I = —0 156) was 0 083 micromole, which, on multiplica- 
tion by the dilution factor (5 32), gives 0 44 micromole of p3Tuxuc acid in 
the original 2 0 cc sample 

Components — It has already been reported (1) that fumarate cannot be 
substituted for f-malate nor DPX for TPX ((1), Fig 1, Curve 2) The 
same is true of d-malate Phospho(enol)pyru\ ate cannot replace pxTU- 
vate Further proof of the earl3’' remox'al of fumarase on purification of the 
pigeon liver enzyme is given m Fig 1 Owmg to the presence of fumarase 
m the pigeon liver extracts and some animomum sulfate fractions thereof, 
they catal3''ze Reaction 1 equall3'’ well wath either f-malate or fumarate as 
substrate However, after ethanol and alumina fractionation, exen frac- 
tions of low specific activit3’' give almost no reaction wath fumarate unless 
fumarase is added (Fig 1, Cmwe 1) 

Neither morgamc phosphate nor ATP participates m Reaction 1 In 
order to remove morgamc phosphate as far as possible, fractions of pigeon 
liver enzyme were repeatedly precipitated with ammonium sulfate from 
aqueous solution With such fractions, a reaction mixture contaimng less 
than 10-« 51 phosphate gave rates of reduction of TPXji b3' malate that 
were not affected 63^ addition of morgamc phosphate Similar^, addition 
of ATP was without effect 

The need for manganous 10ns is illustrated m Fig 1 (Curv es 2 and 3) , the 
rate of reaction is markedly slowed down m the absence of added Ain 

The pigeon livei enz3me cannot be replaced b3 a mixture of mahe deh3’- 
drogenase (10) and oxalacetic carboxviase oi Mia ococcus hjsodeil hcits (2), 
whether wath DPX or TPX This is illustrated m Fig 1 (Curv^e 4) The 
small inciease in optical den3it3 followmg adchtion of DPX« (Curv e 4, 

’ The molecular absorption coefficient ol TPXrcj at 340 m/i 03 = In (/ /I), c A d) 
Was taken as 1 3 X 10’ (sq cm per mole) (9) 
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Fig 1 Spcttrophotoinotnc teita with tht lutr 011/^1110 0 Oli j ii gl> Igb cine 

buffer, pll 7 1, w ith other uclditiona aa uuiicateil Fnial \ olumo 3 0 ee , temperature, 
22-23° Quarts tells, tZ = 1 0 tin The blank tells tontaintil no TFX Cur\e 1, 
0 135 imtromole of TPX’ux , 1 0 mitromolt of MnCl., lutr tiutiut (spetiht attivitj 
75) with 100 of jiroteiu and, it tune zero, 0 I IS mu romolt of furaarate, at Arrow 
a 0 01 to of fumaiase (15) adtltd Cur\e 2, 0 135 iintroinolt of TPNox , 1 0 micro- 
niolt of AIuCl;, liver eiujme (sjjttifit ictuitj 100) with lob ■> of protein and, at time 
zero, 0 140 micromole ol f-malate CTir\e 3, same is Cui\o 2 but without MuCl 
Curve 1, 1 miciomole of AlnCl., 0 3 mg of o\ ilatttit tirbox^lasc (bO units) from 
Mici()cotciii> l!ji>odeiklir}ts (specifii attuit^ 200), 1 5 imtromoles of Z-m d ite ind, at 
time zero, 0 135 micromole of TPX,,,. , at Airow b, iddition of purified malic dehj- 
drogenase (1280 units), it Arrow c, uhlition of 0 210 miciomole ot DPXoi , at Arrow 
(/, iddition of liver enzyme (specilic activity IbS) witli 11 of protein (containing 7 o 
units of oxalacetu carboxylase activity) 
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Allow c) coi responds to the establishment of the equihbimm of the malate- 
oxalacetate system, catalyzed by malic dehydrogenase (Reaction 7), nhicli 
lies veiy fai in the direction of oxalacetate 1 eduction 


(7) 


Oxalacetate + DPNroa ^ Z-malato + DPNox 
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The striking contrast with the action of the pigeon liver emyme is shown 
bj’ the effect of the addition of 7 5 umts of this enzjnie at Arrow d (Fig 1, 
Cur\ e 4) Xcgatn e results w ere also obtained, under s imila r conditions, 
with DPNrcd pyruvate, and COs as initial reactants, whether in the ab- 
sence or presence of ATP 

Rcversibihly — ^Proof of the reversibilitj of Reaction 1 has already been 
presented ( 1 ) The ev'permientsvvere carried out bj reducing TPXoi with 
nialate in the presence of the enzjme (specific activntj 168), following which 
the TPNred formed was oxidized on addition of pjTuvate and a solution of 
sodium bicarbonate saturated wnth CO. As already pomted out (1), the 
presence of lactic dehj drogenase mterferes by catalyzmg the oxidation of 
TPXrcd by pyruvic acid (2) It is for this reason that the pigeon liver 
enzyme had to be largelj'' freed from lactic dehj'drogenase bj’’ purification 
before an unequivocal demonstration of the reversibilitj’- of Reaction 1 was 
possible 

Fig 2 illustratea an experiment carried out wnth the purest fraction so far 
obrtamed (specific activitj' 450) Curve 1 shows the spectrophotometrie 
course of the forward reaction with an amount of enzjune containmg 14 5 7 
of protem m 3 0 cc of reaction mixture, i e , less than 5 7 per cc Curves 
2 and 3 show the course of the rev erse reaction with twice as much enzyme 
For the latter experiments TPNrtd was separately prepared by enzymatic 
reduction, as prevTously described ( 2 ), and was present m the reaction mix- 
ture from the beginning It w ill be obsen ed (Fig 2, Curve 2) that, smce 
some lactic dehj^ drogenase is still present, addition of pj*ruvate at time zero 
causes a slow oxidation of TPXred How ever, the rate of oxidation thus 
obtamed contrasts sharply vnth the verj’’ rapid rate that sets m on the fur- 
ther addition (at Arrow a) of XaHCOj-COj, or with that obtamed, on addi- 
tion of pyruvate, when the XaHC 0 j-C 02 solution was already present m 
the reaction mixture (Curve 3) 

As already showm (1), the equilibrium of Reaction 1 must he verj far to 
the right, because if Z-malate is present m excess wnth relation to TPXoi , 
practically all of the latter is reduced ((1), Fig 1, Curve 1 ), while if, on the 
other hand, TPXqi 13 present m excess with relation to Z-malate, practically 
all of the malate reacts to foim pjTuvateand CO 2 ((1), Fig 1, Curve 3) * 
The equilibrium constant of Reaction 1 cannot be determmed imtil the 
enzyme is completelj’’ freed from lactic dehj'drogenase 

Decarboxylation of Oxalacetele — ^The oxalacetic carboxylase actmtv^ of the 
purest pigeon liver enzyme preparation (specific actmty 450) is shown m 
Fig 3 (Curv es 2 and 3) Curves 4 and 5, obtamed wnth a preparation of 

* In the legend to Fig 1 of the paper quoted (1), the amounts of various com- 
ponents of reaction mixtures are erroneously expressed in millimoles (msi), the 
amounts should be in micromoles 



